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Efficiency in Swine Produc tion 
L. J .  Kortan 
Extension Swine Specialist 
The survival of any swine operat ion depends on the emphasis placed in 
those areas that are respons ive to management .  A lis ting of the more impor­
tant would include : 
1 .  Genetic Potential 
2. Rep roductive Efficiency 
3 .  Feeding Programs 
4. Rat ion Formulat ion to Lower Cos t of Gains 
S. Rat ion Preparation ( proces sing) 
6 .  Feed Was tage 
7 .  Method of Feeding 
8. Environment 
9 .  Health of Herd 
10. Marke ting We ights 
All are critical to product ion efficiency and need careful consideration on a 
year-round basis . 
I t  is not possib le to give cons iderat ion to all 10  areas of importance 
here today . Emph as is will be given to those that are most crit ical to the 
breed ing herd--Genet ic Pot ent ial , Reproduct ive Efficiency and Feed ing Programs . 
Genetic Potent ial 
Efficiency of swine product ion includes all phases of the l ife cycle.  
Heredity and environment provide a cont ribut ing influence in all of these 
dif ferent phases . The mos t excellent environment will not allow individual 
animals to perform bet ter than their hered itary potent ial . The best of 
heredity is of li ttle value unl ess a suitab le environment is supplied to allow 
individuals to approach their genet ic limit . Any me thod of product ion that 
increases the amount of marke tab le lean per uni t of feed consumed increases the 
efficiency of product ion . A sow that produces nine p igs produces each pig more 
efficiently than one that weans five . Pigs that produce a pound of gain on 
less feed than others wi th a larger percen tage of  the carcas s as lean influence 
efficiency . 
Select ing and mat ing the bes t to the bes t  for those imp ortant traits is 
one way of improving eff iciency of product ion . Select ion is a slow process 
and is mos t  effect ive for improving th e highly heritable traits . Swine pro­
ducers are fortunate ,  however , because those trai ts that are mos t  important t o  
them are also medium to high i n  heritabili ty . Consequently , if a reconunended 
select ion program is followed , progress can generally be expected. 
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Data at the South Dakota tes t ing s tat ion during the period from 1958 to 
1975 show that performance change in South Dakota herds has t aken place . 
These data are comparab le to those found at other s tat ions . 
1958-59 1970-71 1973-75 
(3 t es t  periods ) (3 test periods ) (3 test periods ) 
Average daily gain , lb . 1.86 1.95 2.01 
Feed/cwt gain , lb . 3.06 2.83 2.49 
Live back fat probe , in. 1.13 0.92 0.96a 
Loin eye area , sq . in . 4.26 4.62 5.65a 
3Back fat and loin eye readings made with use of ultrasound equipment--boars 
only . Prior to this period loin eye data shown were for barrows ( carcass ) 
whi ch were inc luded with a tes t  pen of boars . 
Reproductive Efficiency 
Increasing the number of p igs raised per sow per year is the goal for all 
swine producers . Research and f ield trials have pointed out specific manage­
ment practices that give improved reproductive efficiency . Some of  the more 
important include : 
1. Conception rate--A ges tating o r  lactat ing female requires about the 
same amount of feed , space and labor regard less of the litter size she is 
ges tating or nursing . An open sow usually receives the same amount of  feed , 
space and labor as a pregnant sow .  For example , i f  a fixed number o f  40 litters 
was to be farrowed , then 45 sows would have to b e  exposed if a 90% concept ion 
rate was to be ob tained . I f  only an 80% concept ion rate was ob tained , 50 sows 
would be required . Present feed cos ts p lace emphasis on the importance of high 
conception rate for each sow serviced . 
2. Select and keep the high producing female . R at io o f  sows and gilts 
should favor sows insofar as possib le . Enough gilts mus t  be brought continu­
ously into the production herd to make sure farrowing s talls are kept filled . 
Sows norma lly ovulate more eggs and farrow larger litters than gilt s . 
They are easier to work with if weight is kept down and have higher concept ion 
rates . Sows are generally more resis tant to s tress and prob lem organisms that 
are evident in swine facilities . 
3. New gilts coming int o  the herd should be activated by some environ­
mental influence near the t ime of expected puberty or t ime o f  mating . Gilts 
reared in confinement are often reported to be slow to reach puberty . Gilts 
held in confinement for b reeding periods may s top showing heat after puberty 
is reached . Current theories sugges t that the lack of environmental stimuli 
can interfere with phys iological development and norma l  reproduction . Gilts 
delayed in reaching pub erty can often be environmen t al ly s t imulated to 
init iate or resume norma l  cyclin g .  
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Research and practical experience have shown that several environmental 
factors can stimulate noncycling gilts to cycle. The stimulation may also 
cause estrus synchronization. Heat in gilts nearing the age of puberty can be 
stimulated and synchronized by exposure to a boar, provided gilts have not had 
prior contact with a boar. "Transport phenomenon" refers to the tendency of 
groups of gilts to come into heat simultaneously soon after being transported 
from one farm to another. Although not substantiated by research, variations 
of this phenomenon have been adapted to aid the stimulation of estrus in young 
gilts and recylcing in older gilts. These variations include mixing pens of 
gilts, loading and hauling around the section, fluctuating temperature and 
humidity in enclosed structures and radically changing the feeding program. 
4 .  Pig losses before and after birth--Much work has been done to try to 
identify the factors responsible for causing embryo mortality, which is 
estimated to be as high as 30% of the eggs ovulated. Exposing bred gilts to 
two hours of heat stress (approximately 100° F) daily from 2 to 13 days after 
breeding had no effect on the pregnancy rate at 45 days, whereas the same 
exposure from 1 4  to 25 days of gestation reduced pregnancy by 33% (8 of 12  
animals) .  Embryonic mortality was increased by 26 . 5% in gilts stressed prior 
to day 13 and about the same (approximately 33%) for gilts stressed after day 
1 3  when compared to unstressed gilts. 
Research from Canada indicates that two factors have a bearing on sur­
vival, ( 1 ) birth weight and ( 2 )  whether the pig is born first or last in the 
litter. These two factors are probably related, in that the biggest pigs as 
well as those born earliest have the greatest chance of getting a good feed of 
colostrum. Although not referred to directly, no direct relationship has been 
shown in other research between survival to weaning and either of these factors. 
Work currently in progress at the University of Illinois hopes to shed new 
light on the problem of whether to allow free access to colostrum from the 
time of birth or to hold off the piglets tmtil all of them are born. 
5 .  Crossbreeding for more and heavier pigs per litter--The majority of 
all hogs produced in South Dakota are crossbred. The three-breed rotational 
cross is perhaps the most widely used crossbreeding system. In this system 
boars of three different breeds are continually rotated in succession on each 
generation of crossbred sows produced in the program. It is a continuous 
rotation of boars from three breeds, mating the gilts and sows in each genera­
tion to boars of the breed farthest removed in their pedigree. It is rather 
simple to follow and, since all sows and pigs are crossbred, it should yield 
heterosis in litter size, livability and growth rate. 
Base the choice of breeds to include in rotational breeding on avail­
ability of tested boars and knowledge of how the various crosses perform. If 
you have no experience involving various crosses, remember that breeds that 
perform best as purebreds will generally produce the highest performing cross­
breds. 
Over 85% of hogs are crossbreds--One of the main reasons often given for 
using a crossbreeding program for commercial pork production is that crossbred 
sows, on the average, raise larger litters than straightbred (purebred) sows. 
A recent Oklahoma study indicates that crossbred pigs also have a greater 
survival rate than purebreds. In this study, 26 purebred litters of the Duroc, 
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Hampshire or Yorkshire breeds were compared with 5 9  crossb red litters repre­
senting all possib le two-way crosses of these three breeds . All sows were 
purebred and all crossb reds were s ired by a purebred boar o f  ano ther breed . 
At 42 days o f  age , the average number o f  pigs per litter was 6 . 1  for the 
purebred and 7 . 4  for the crossb red . The average litter weight was 144 lb . 
for the purebred and 1 7 7 lb . fo r the crossbred . The data also indicated that 
there was mo re advantage in using a boar of ano ther breed on pur eb red Duro c or 
Hampshire gilts than on Yorkshire gilts . 
Select crossb red gilts for greater ovulat ion rate , lit ter size and 
weaning weight . Select thos e that are healthy , have received needed nutrient 
requirements ,  maintained in an average to coo l environment with adequate pen 
space and which have fence-line contact wi th a boar after they are moved from 
the finishing uni t .  
6 .  Op timum time to breed--b reeding twice--The estrus cycle lasts fo r 
about 60 hours . The optimum time to breed to ge t maximum litter s ize and 
concep t ion rate is between the 2 2nd and 44th hour after the onset o f  es trus . 
Ovulat ion occurs at about 30 to 40 hours after the beginning o f  estrus which 
falls in the middle o f  th is period . 
Breeding 1 2  to 24 hours after the beginning o f  estrus and again 1 2  to 24 
hours later has increased conception rate by 1 0% and litter size by 1 . 3  pigs . 
7 .  Wean at 3 to 5 weeks . I f  you are the good manager with good fac il i­
ties , 3-week weaning may be in more favor than 5-week weaning .  Five-week 
weaning may fit your pro gram especially if management or pig comfort is no t 
always adequate . 
8 .  R eb reed sows on the firs t po s t-es trus rather than the second . While 
farrowing rat e is reduced for sows mated on the firs t pos t-weaning es t rus as 
compared with those mated on the second , average l itter size is no t s ignifi­
cantly different . There fore , firs t es trus mating after weaning actually may 
reduce the number o f  days to produce pigs . The goal from weaning to farrowing 
should b e  1 1 7 to 1 1 8 days . 
Some points to consider when rebreeding are: 
1 .  No feed or water firs t day after weaning may he lp . 
2 .  Individual penning befo re and unt il 1 5  days after breeding to reduce 
s tress and embryonic mortality . Pen sows in as small a group as is practically 
possib le . 
3 .  The o do r ,  sound and s igh t o f  the boar has tens estrus and increases 
conception rate . 
Feed ing Programs 
Feed represents the major cos t  o f  producing swine . The amount wil l  vary 
from 65 to 75% o f  the tot al cos t  fo r finishing swine down to around 50% for 
feeder pigs (b ased on 1 5  pigs produced per sow per year) . Anything that can 
be done to reduce feed cos ts wi thout sacrificing pro duct ion will improve the 
economic picture for the swine p roducer . 
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Research shows that we can reduce the amount o f  feed being fed to brood 
sows by us e o f  a lternate feeding pro grams without affecting reproductive 
performance . A swine producer ' s  goal should be to "meet the nutrient require­
ment s o f  the sow at the least cost with satis factory litter size and pi g 
survival rate." Facto rs which influence meeting the goal are : 
1 .  Feed consumption (equipment needs)  
2 .  Labor needs 
3 .  Economical ration 
4 .  Feed supply 
Restricting the amount o f  energy a pregnant sow consumes during gestation 
has been accepted as a very desirab le management practice . Liba l and Wahlstrom 
( 19 74) at the South Dakota Station reported that a total of 124 sows were 
uti li zed in three t rials (two summer and one winter) to eva luate metabo li zab le 
energy levels of 4000 , 5000 , 6000 and 7000 K cal fo r sows during gestation . The 
metabo li zab le energy level o f  6000 K cal appears to be nearly optimum for 
gestation weight gain , litter si ze and average pig birth weight and litter and 
average pig weaning wei ght . Sow weight change during lactation is directly 
related to sow weight gain during gestation . Sows gaining the most during 
gestation gained less or lost wei ght during lactation .  The energy level fed 
had an effect on number o f  live pigs bo rn .  Larger litters were obtained with 
lower energy levels . The diets and feeding levels used are shown in tab le 1 .  
Tab le 1 .  Composition o f  Experimental Diets (Percent) and Feeding Levels 
Ingredient 
Ground yellow corn 
Soyb ean meal , 44% 
Soybean meal , 4 8 . 5% 
Dehydrated alfalfa meal, 1 7% 
Ground b eet pulp 
Dicalcium phosphate 
Ground limestone 
Trace minerali zed salt 
Vitamin premix 
Gestation diet , lb . 
Co rn starch , lb • 
Total feed/day , lb . 
Gestation 
Gestation diet 
Feeding 
3 . 0  
3 . 0  
54 . 5  
3 1 . 0  
10 . 0  
1 . 8  
1 . 2  
0 . 5  
1 . 0  
100 . 0  
Levels a 
3 . 0  
0 . 7  
3 . 7 
ME, Kcal / day 4000 5000 
Lact ation diet 
3 . 0 
1 . 4 
4 . 4  
6000 
68 . 5  
18 . 5  
10 . 0  
2 . 0 
0 . 8  
0 . 5  
0 . 2  
100 . 0  
3 . 0  
2 . 1  
5 . 1 
7000 
a Provided 2 80 g protein , 1 5  g calcium , 10  g phosphorus , 8200 IU vitamin A ,  
550 I U  vitamin D ,  3 I U  vitamin E ,  4 4  mg niacin , 3 3  mg ca lcium pantothenate , 
8 mg ribof lavin and 28 mcg vitamin B 1 2  dai ly .  
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Libal and Wah ls trom at the South Dakota S tation repo rted on the "E ffects 
o f  Interval Feeding Two Types o f  Ges tat ion Rations on Reproductive Performance 
of Sows and Gilts" (Swine Field Day , 1 969 ) . Using the interval feeding method , 
two hours per day on Monday , Wednesday and Friday , 4 6  sows and 44 first litter 
gilts were fed two di fferent ges tation diets differing in energy content . 
High energy and b ulky diets contained 1443 and 1083 calor ies o f  met abolizab le 
energy per pound o f  feed , respect ively . In both trials , sows receiving the 
high energy die t  gained mo re wei ght during ges tat ion and farrowed more live 
pigs . During the wint er trial no difference in feed consumpt ion due to treat­
ment was observed . However , in the summer trial sows receiving the high 
energy diet consumed more feed daily than those receiving the bulky diet . 
Results from the gilts were considerably different than those o f  the sows , 
indicat ing possib le differences in requirements under these conditions . During 
bo th trials gilts consumed about 30% more o f  the high energy diet than o f  the 
bulky diet . However , in the winter trial these gilts actually lost weigh t  
while those eating less o f  the bulky diet gained weight . During the summer 
trial both groups gained wei ght with those fed the high energy diet gaining 
the mos t .  In both trials more live pigs were farrowed by the gilts receiving 
the bulky die t . 
Svaj gr ( 1 9 6 8 )  at the Neb raska Stat ion reported that sows and gilts could 
be fed 2 hours out of 72 during ges tation wi th good reproductive performance . 
Data showed the gilts ate about the same amount o f  feed whether they were fed 
daily or fo r only 2 hours every three days . Thus , feed costs were no t reduced 
by the interval feeding sys tem but labor was saved . R eproduc tive performance 
was excellent fo r both groups . One word o f  caut ion , interval feeding demand s 
that each animal have access to adequate feeder space at the time o f  feeding .  
Danielson ( 19 7 4 , 1 9 7 5 )  at the North Platte Station , Universi ty o f  
Nebraska ,  has clearly demons trated wi th several s tudies that the brood sow 
can reproduce well on diets made up largely o f  alfalfa hay or prairie hay plus 
minerals and vi tamins . 
Reproductive performance o f  gilts fed 25% to 96 . 7 5% alfalfa hay or p rairie 
hay appeared to be satis facto ry . I t  was po inted out in this trial that some 
depression in reproduct ive performance resulted when the diet contained 25% 
dehydrated alfalfa meal . The gilts in this lot gained over 1 00 pounds during 
ges tat ion and it was repo rted that they may have been too fat coming into the 
farrowing house .  
McMullen and Moser ( 1 9 7 5 )  also showed that gilts fed a die t  cons isting o f  
pelleted whole corn p lant plus minerals and vitamins gave satis factory repro­
duct ive perfo rmance with gilts when compared to gilts fed a 14% normal co rn­
soyb ean meal diet . However , gilts fed opaque-2 (high-lysine) co rn , minerals 
and vitamins showed better reproduc t ive performance than those fed the who le 
corn p lant pellet o r  the 14% no rmal-soybean meal diet . 
Jones , Mayrose and Fos ter (AS 408 , 1 9 7 3 , Purdue University , Indiana) 
repo rted on four feeding sys tems ( individual feeding s talls , interval feeding , 
group feeding and pasture sys tem) for ges tating sows . Individual stalls 
provide the b es t  control over feed intake but may require more labor . 
South Dako ta Stat e  University 
Brookings , South Dako ta 
Department o f  Animal Science 
Agr icultural Experiment Stat ion 
A . S . Series 75-50 
Blood Meal in Diets for Growing-Finishing Pigs 
Geo rge W .  Libal , Alan Vogel and Richard C .  Wahls trom 
Dried b lood meal is one of the highest  pro tein by-produc ts o f  the packing 
indus try . The conventional methods of drying b lood in the pas t have been with 
the drum drying process which subj ects the b lood to a high temperature for a 
cons iderable length o f  t ime . Research repo rted at the 1 9 74 Swine Day (A . S .  
Series 74- 28) indicated that performance o f  growing-finishing pigs was reduced 
when 4% b lood meal replaced an equivalent amount o f  soybean meal in the die t .  
This reduct ion in performance was eliminated by supplementing the b lood meal 
diet with lys ine , indicating that the heat ing pro cess apparently destroyed 
much o f  the lys ine or rendered it unavailable to the pig . 
The experiment reported herein was conduct ed to ob tain information on the 
value of ring dried b lood meal , a process that subj ects the meal to less severe 
heat during the dry ing process . 
Experimental Procedure 
Seventy- two pigs averaging approximat ely 54 lb . initially were allotted 
to two rep licat ions of s ix treatments on the basis o f  ances try ,  weight and 
sex .  Each lo t contained three barrows and three gilts . The pigs were housed 
in a to tally enclosed confinement type bui lding . Pens had par tial or fully 
slatted floo rs and were equipped wi th three-hole sel f- feeders and automatic 
waterers . 
The s ix dietary treatments were as fo l lows : 
1 .  Corn-soyb ean meal diet 
2 .  Two percent b lood meal replacing 2 %  soybean meal 
3 .  Four percent b lood meal replacing 4 %  soybean meal 
4 .  Two percent b loo d meal replacing an equivalent amount o f  pro tein 
from soybean meal 
5 .  Four percent b lood meal replacing an equivalent amount o f  pro tein 
from soyb ean meal 
6 .  Die t 5 plus 0 . 1% L-lysine 
The compos ition of the 14% protein grower and 12% finisher die ts for the 
six t reatments is shown in tab les 1 and 2 ,  respectively. Diets were ch� ged 
to the lower pro tein level when the pigs averaged about 1 10 pounds .  Because 
of a need to use the pens fo r other purposes , the experiment was terminated 
at an average weight of approximately 162  pounds .  
1 1  
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R esults 
Growth performance data are summari zed in table 3.  Average dai ly gains 
were very similar for all treatments in replicate 1 .  However , in rep licate 2 
pig gains were more variable and gains were somewhat less for treatments 4 and 
5 that received diets containing 2 and 4% of  b lood meal replacing an equivalent 
amount of protein . 'lllis di fference appeared to be due to two pigs in treat­
ment 4 and one pig in treatment 5 that gained considerably slower than other 
pigs in thei r  respective groups and may not have been due to the blood meal in 
the diet . Gains of repli cate 2 may also have been less than replicate l 
b ecause of  less time on the experiment so that they were of  lighter wei gh t . 
When data for average dai ly gain for the two rep li cates were averaged together , 
there was no signi fi cant dif ference among treatments . I t  would appear that 
the lysine in thi s  b lood meal was quite highly avai lab le ,  since diet 5 had 
only 0 .4 5  and 0 . 30% lysine furnished by the corn and soybean meal in the 
grower and finisher diets , respective ly .  This is considerably below the 
requirements of ab out 0 . 65 and 0 . 55% lysine for pi gs of the wei ghts in thi s  
experiment . 
Somewhat less feed was consumed by pigs receiving the diets containing 
blood meal . They also required less feed /gain than did the pigs fed the corn­
soyb ean diet . This may be a re flection of feed intake as it has been shown 
that moderately limi ting dietary intake increases feed efficiency . 
Sunnnary 
Diets containing up to 4 %  ring dried b lood meal replacing an equivalent 
amount of soybean meal were fed to growing pi gs from approximately 54 to 1 62 lb . 
live weight . There were no signi ficant di fferences in average dai ly gains . 
Feed consump tion and feed/gain were reduced when pi gs were fed the diets con­
taining dri ed b lood meal . There was no advantage of  adding lysine to the dried 
blood meal diets and it appeared that the lysine in this blood meal was quite 
availab le to the pi g .  
Tab le 1 .  Composi tion of Diets Fed 
Ingredients 
Ground yellow corn 
Soyb ean meal , 44 % 
Blood meal 
Dicalcium phosphate 
Ground limes tone 
Trace mineral salt a 
L-lysine b 
Vi tamin-antibioti c  mix 
l 2 
82 . 7  82 . 7  
14 . 6  1 2 . 6  
2 . 0  
1 . 5  1 . 5  
0 . 5  0 . 5 
0 . 5  0 . 5  
0 . 2  0 . 2  
to 1 1 0 Pounds (Percent) 
Treatments 
3 4 5 6 
82 . 7  84 . l  85. 3 85 . 2  
10 . 6  1 1 . 2  8 . 0  8 . 0  
4 . 0 2 . 0 4 . 0 4 . 0 
1 . 5  1 . 5  1 . 5 1 . 5  
0 . 5  0 . 5  0 . 5  0 . 5  
0 . 5  0 . 5  0 . 5 0 . 5  
0 . 1  
0 . 2  0 . 2  0 . 2  0 . 2  
aContained 0 . 8% zin c .  
bSupplied per lb . of die t : vit amin A ,  1500 IU; vitamin D ,  150 IU; 
ribo flavin , 1 . 25 mg; panto thenic aci d ,  5 mg; niacin , 1 0  mg; choline , 50 mg ; 
vitamin B 1 2' 7 . 5  mcg and aureomycin , 10 milligrams . 
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Tab le 2 .  Compos ition of  Diets Fed From 1 10 Pounds (Percent) 
Treatments 
Ingredients 1 2 3 4 5 6 
Ground yellow corn 88. 4 88. 4 88. 4 89. 8 9 1 . 1 9 1 . 0 
Soybean meal, 44% 9. 0 7. 0 5. 0 5. 6 2. 3 2 . 3  
B lood meal 2 . 0  4. 0 2. 0 4. 0 4. 0 
Dicalcium phosphate 1. 4 1. 4 1. 4 1 . 4  1 . 4 1. 4 
Ground limes tone 0. 5 0. 5 0 . 5  0 . 5 0. 5 0 . 5 
Trace mineral salt a 0 . 5  0 . 5  0. 5 0 . 5 0 . 5 0 . 5  
L-lys ine 
mixb 
0 . 1  
Vitamin-antib iotic 0. 2 0 . 2  0. 2 0. 2 0. 2 0 . 2  
a Contained 0. 8% z inc . 
b see t ab le 1 .  
Tab le 3 .  Growth Performance of Pigs Fed R ing Dried Blood Meal 
Treatments 
1 2 3 4 5 6 
Number of pigs a 10 12 12 1 1  12 1 1  
Avg . daill'.: gain 2 lb . 
Rep 1 1. 49 1. 50 1. 46 1. 5 1  1. 5 3  1. 5 0  
Rep 2 1 . 37 1. 40 1. 37 1 . 20 1 . 29 1. 4 1  
Avg . 1. 44 1 . 45 1. 42 1. 36 1. 4 1  1. 4 5  
Avg. feed consumed/ dal'.: z lb . 
Rep l 5. 39 5 . 15 4 . 85 4. 77 4. 85 4. 6 6  
Rep 2 5. 42 5 . 1 9 5.00 4. 69 4 . 68 4. 7 1  
Avg . 5. 40 5 . 1 7 4. 9 3  4. 73 4 . 78 4 . 6 8  
Feed/gain 
Rep 1 3 . 62 3 . 4 3  3. 3 1  3 . 1 7 3 . 17 3. 10 
Rep 2 3. 95 3. 69 3. 64 3. 90 3 . 64 3. 6 0  
Avg . 3. 75 3 . 5 6  3 . 48 3. 54 3 . 4 1 3. 35 
a Two replicates of  6 pigs each per treatment . Two pigs died and 2 were 
removed , data are not included . Average ini tial weight 54 lb . t final weight 
16 2 pounds . 
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Am ino Acid Supplementat ion of  Opaque-2 Corn 
for Finishing Swine 
A . S .  Series 75-5 1 
Richard C .  Wahls trom , George W .  Libal and John Volz 
Several experiments have shown that opaque-2 corn is superior to normal 
yellow corn for pigs because of i ts higher content o f  the am ino acids lysine 
and tryp tophan . Previous research at this s tat ion has shown that finishing 
pigs fed opaque- 2  corn supplemented wi th lysine or lysine and tryp tophan do 
no t grow as rapidly or efficiently as pigs fed corn and soybean meal . Since 
we have shown that opaque- 2 corn is also defic ient in threonine for the young 
pig , this experiment was conduct ed to s tudy the effect of adding supp lemental 
lysine and threonine to a die t  of opaque-2 corn , minerals and vit amins . 
Exper imental Procedure 
Forty-eight crossb red pigs of an average weight of approximately 1 24 lb . 
were allotted to 1 2  pens of four pigs each on the b asis of  sex , weight and 
ances try . Three pens were assigned to each of  the four treatment groups which 
were as follows: 
1 .  Opaque- 2 corn 
2 .  Opaque- 2 corn p lus 0 . 1 5 %  L-lysine 
3 .  apaque-2 corn plus 0 . 1 5 %  L-lysine and 0 . 10% DL-threonine 
4 .  Normal corn-soyb ean meal , 13% protein 
The amino acid analys is of the opaque-2 corn is shown in table 1 and the 
composi tion of  the rations fed is shown in tab le 2 .  All diets were supple­
mented with minerals and vitamins in amounts neces sary to meet National 
R esearch Council speci ficat ions . Feed and water were both provided ad lib itum. 
Pigs were housed in uninsulated , wooden fram e  houses with concrete floors and 
had access to outside concrete lots whe re feeders and waterers were located . 
The experiment was conducted during the winter months from mid-December to 
mid-Feb ruary . Blood samp les were ob tained at the end o f  the experiment for 
analysis of blood urea ni trogen (BUN ) . 
Results 
The results of  this experiment are present ed in tab le 3 .  PA te of gain of  
pigs fed opaque- 2 corn supp lement ed with lysine or lysine and threonine was 
approximately 8 and 16% fas ter , respectively , than the gain o f  pigs fed the 
opaque- 2 corn diet wi thout am ino acid supplementation . Pigs receiving opaque-2 
corn with added lysine and threonine had gains identical to those for pigs fed 
the corn-soyb ean meal die t . Average dai ly gains for the four treatment groups 
were 1 . 3 1 ,  1 .42 , 1 . 5 1  and 1 . 5 1  lb . for pigs fed the opaque-2 corn alone , with 
lysine , with lys ine and threonine or the com-soybean meal diet , resp ectively . 
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Feed eff iciency was improved approximat ely 4 %  when opaque-2 corn was 
supplemented with lys ine or lysine and threonine. However, the bes t fee d : gain 
ratio was ob tained when p igs were fed the corn soyb ean die t. These pigs 
required 4.32 lb. of feed per gain compared to 5.0 1 , 4. 84 and 4. 74 lb. for 
pigs fed the opaque- 2· corn diets. Feed efficiency in this experiment was not 
as good as that ob tained in previous trials on similar diets. One reason for 
the high feed : gain ratios in this t rial could be the adverse weather cond itions 
which occurred during early 1 9 75. These pigs were fed in out side lots and the 
January blizzard caus ed considerab le s tress that very likely affected both 
rate and eff iciency of  gain. 
Average feed consump t ion varied among treatments from 6.4 8 lb. of  feed 
consumed daily by pigs fed the corn-soybean meal diet to 7. 1 6  lb. per day for 
thos e fed opaque- 2 corn supplemented with lys ine and threonine. These dif­
ferences were no t s ignificant ly different. 
Blood urea nitrogen levels did no t dif fer signif icant ly among treatments . 
The highes t value was ob tained in the b lood of  pigs fed the corn-soybean meal 
die t ,  indicat ing that this diet may have had excess protein. 
Sunnnary 
Forty-eight crossb red pigs weighing 124 lb. initially were fed opaque- 2 
corn diets supplemented with minerals and vitamins and different amounts o f  
supplemental amino acids. The opaque-2 corn was improved when supplemented 
with lys ine or a combination of  ly sine and threonine. Pigs fed the opaque-2 
corn diet supp lemented with these two am ino acids gained at the same rate as 
pigs fed a 1 3% protein , com-soybean meal diet , but feed effic iency was 
improved when pigs were fed the corn-soybean meal die t. 
Tab le 1. Amino Acid Analys is 
of Opaque-2 Corn 
Amino acid 
Arginine 
His tidine 
Isoleucine 
Leucine 
Lys ine 
Methionine 
Pheny lalanine 
Threonine 
Valine 
Alanine 
Aspartic acid 
Half cys tine 
Glutamic acid 
Glycine 
Pro line 
Serine 
Tyros ine 
Anunonia 
15 
Percent 
0. 703 
0. 338 
0. 366 
0.9 2 5  
0. 373  
0 . 198 
0.4 6 3  
0.4 2 1  
0.4 86 
0.692  
0.9 18 
0. 1 52 
1. 7 7 8  
0. 64 9 
o. 7 7 6  
0.4 9 3  
o. 333 
0. 309 
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Tab le 2 .  Com posi tion o f  Diets (Percent)  
02ague-2 
OEague-2 + lysine 
Ingredient 02 ague-2 + lys ine + threonine 
02ague- 2 corn 9 7 . 7 5 9 7 . 56 9 7 . 4 6 
Normal corn 
Soyb ean meal , 44% 
Dicalcium phosphate 0 . 6 6  0 . 6 6  0 . 66 
Limestone 0. 89 0 . 89 0 . 89 
Trace minerali zed salta b a .so 0 . 50 0 . 50 Vitamin-antib iotic prem ix 0 . 20 0 . 20 0 . 20 
L-lys ineC 0 . 1 9 0 . 1 9 
DL-threonine 0 . 10 
aContained 0 . 8% zinc . 
No rmal 
corn-SBN 
85 . 85 
1 2 . 05 
0 . 45  
0 . 9 5 
o.so 
0 . 20 
bProvided per lb . of diet : vitamin A ,  1 500 IU ; vitamin D ,  150 IU ; 
ribo flavin , 1 . 25 mg ; pantothenic acid , 5 mg ; niacin , 1 0  mg: choline , 50 mg; 
vitam in Biz , 7 . 5  mcg and ty losin , 10  m il ligrams . 
CL-lys ine monohydrochloride ( 78% lys ine) . 
Tab le 3 .  Effect o f  Lys ine and Threonine Supplementation o f  
OE aque- 2 Corn for Finishing Pigs 
02ague-2 
02a9ue-2 + lys ine 
Item 02ague-2 + lys ine + threonine 
N umber of pigs a 12  1 2  12  
Avg . ini tial wt . , lb . 1 24 . 5  124 . 5  1 24 . 7  
Avg . final wt . , lb . 1 9 7 . 8  2 04 . 3  209 . 0  
Avg . dai ly gain , lb . b 1 .  3 1  1 . 42 1 . 5 1  
Avg .  daily feed , lb . 6 . 54 6 . 85 7. 1 6  
Feed / gain , lb . 5 .o 1  4 . 84 4 . 79 
B loo d urea nitro gen , mg % 10 . 2  9 . 8  1 0 . 5  
Normal 
corn-SBM 
1 2  
1 2 4 . 8  
209 . 5  
1 . 5 1  
6 . 48 
4 . 32 
1 1 .  9 
:Three replicates o f  four pigs each . 
Si gnificant sex di fferences , P< . 05 (barrows , 1 . 53 vs . gilts , 1 . 35 ) . 
South Dakota S tate University 
Brookings , South Dakota 
Department of Animal S cience 
Agricultural Experiment S tat ion 
A . S .  Series 75-52 
Effect of Calcium Level and Type of Floor on Performance o f  Pigs 
Fed Diets o f  Low Phosphorus Content 
Richard c. Wah ls trom , George W .  Libal and Steven L .  Robb ins 
Mos t swine diets include the p lant products corn and soybean meal as maj or 
ingredients .  Much of the phosphorus present in these plant materials is found 
as phyt in phosphorus , a form not readily availab le to the pig . Thus , it is 
necessary to supplement com-soybean meal diets with a phosphorus source . 
In 1 9 7 4  supplies o f  supplemental phosphorus became very scarce . Interes t 
was increased in determining performance of pigs fed diets low in phosphorus 
and on ways to increase utilization of the phosphorus present in swine diets . 
The feeding o f  high levels of calcium has been shown to reduce phosphorus 
retent ion . Since these mineral elements are particularly important in bone 
s treng th and development and slatted floors seem to put more s tress on feet 
and legs of pigs , it is important to s tudy these interrelationships . 
The obj ect ives of this experiment were to s tudy the effect of different 
levels of diet ary calcium on performance of pig s  fed diets containing a 
minimum level o f  phosphorus and to s tudy these relat ionships when pigs were 
kep t  on different types of slat ted floors , concrete floors and dirt lots . 
Experimental Procedure 
A total of 2 80 pigs were used in two trials . Five replicate groups o f  
32 ( trial 1 )  and 24 ( trial 2 )  crossb red pigs averaging ab out 5 5  and 6 2  lb . in 
trials 1 and 2 ,  respect ively , were used . Within each replicate , subgroups o f  
barrows an d  g ilts were formed on the basis o f  wei gh t  and ances try and random 
allotment was made from these groups to provide four groups of 8 pigs each in 
trial 1 and 6 pig s each in trial 2 within each replicate .  There were equal 
numbers of barrows and g ilts in each group . These groups were then randomly 
ass igned to treatment within each replicate . Pigs were self-fed the basal 
diets shown in tab le 1 that varied in calcium and phosphorus level as follows : 
Treatment 1 --0 . 40% calcium , 0 . 40% phosphorus 
Treatment 2--0 . 60% calcium , 0 . 40% phosphorus 
Treatment 3--0 . 80% calcium , 0 . 40% phosphorus 
Treatment 4--0 . 65% calcium , 0 . 55% phosphorus 
Each replicate group was kept in pens of different floor types . Repl i­
cates 1 ,  2 and 3 were housed in an enclosed confinement barn with fully 
slatted floors . The s lats were 8-inch concrete , 5-inch concrete and 3 . 5-inch 
aluminum in replicates 1 ,  2 and 3 ,  respectively . Pen size was 7 . 5  by 9 feet . 
Replicate 4 pigs were housed in uninsulated , wooden houses , 8 by 12  feet , with 
wooden floors and were fed and watered in outside dirt lots approximately 
29 by 52 fee t .  Pigs in replicate 5 were housed in similar wooden houses but 
wi th concrete floors in the house and a 12 by 1 6  foot outside concrete lot 
where feeders and waterers were located . 
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P igs were removed from their respective treatments when each group weighed 
approximately 2 10 lb . and the barrows were slaughtered at John Morrell and 
Company , S ioux Falls . Carcass data ob tained were backfat and carcass length 
and bones from the front fee t  were ob tained to s tudy bone strength . This 
phase of the experiment is not complete and will be reported later . 
Results 
The results o f  feeding varying levels of calcium in diets of low phospho­
rus content are shown in tab le 2 .  Pigs fed the low phosphorus (0 . 4%)  and low 
calc ium (0 . 4%) diet gained significant ly faster than the pigs fed t he low 
phosphorus diet containing 0 . 6  or 0 . 8% calcium .  These results would appear t o  
agree with other reports where high levels o f  calcium reduced phosphorus reten­
tion and indicate that , i f  a minimal level of phosphorus is fed , calcium level 
should also be reduced . Feed consumpt ion was also reduced during the early 
growth period when pigs were fed the 0 . 8% calcium diet having a calcium to 
phosphorus ratio of 2 : 1 .  
There were no differences in gain or feed/gain among treatments during 
the finishing period from 1 20 lb . to market weigh t . The pig requires somewhat 
less calcium and phosphorus as a percentage of his diet during this period . 
The pigs apparent ly were ob taining suf ficient minerals from all diets  to 
support gains and feed/gain equal to those of pigs fed a recommended level of 
these minerals , 0 . 65% calcium and 0 . 55 %  phosphorus to 120 lb . and 0 . 6  and 0 . 5% ,  
respectively , from 120 lb . to market (rat io of 1 . 2 : 1 ) . For the ent ire period 
from 58 to 2 10 lb . ,  gains were 1 . 64 , 1 . 6 1 ,  1 . 59 and 1 . 64 and feed/gain 3 . 33 ,  
3 . 22 ,  3 . 34 and 3 . 3 1 for p i gs receiving d iets containing ratios of calcium to 
phosphorus o f  1 : 1 ,  1 . 5 : 1 ,  2 : 1  and 1 . 2 : 1 ,  respectively . The differences were 
small and nonsignif icant . Carcass backfat and length did not differ among 
treatments . 
A summary of the results by type of pen is presented in table 3 .  Average 
daily gains were similar during the growing period , but during the finishing 
period pigs housed in wooden houses on concrete gained 1 . 87 lb . per day 
compared to gains o f  1 . 62 ,  1 . 66 ,  1 . 69 and 1 . 64 lb . for the other groups . This 
difference in rate of gain was highly significant . Because of the much fas ter 
gains during the finishing period , the average gain for the ent ire period was 
also signi ficantly greater for pigs in concrete lots . 
Several fact ors may have been respons ib le for the difference in gains . 
The difference in floor type and how i t  may have af fected the comfort and 
movement of the pigs mus t be cons idered . The pigs on concrete had access to 
the outs ide environment , but so did those pigs on dirt lots and their perform­
ance was similar to pigs housed in enclosed buildings . The two t rials were 
conducted from late May to early S eptember and from mid-August to late 
November . I t  is possib le that temperature and comfort could have varied among 
treatments . The dirt lots were limited in size and did become quite dus ty . 
Effects o f  dus t , gases given off by the liquid manure under the slat ted pens , 
noise of continuous running of fans , etc . in the confinement house cannot be 
evaluated . 
,� 
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Feed/gain or feed consumption did not differ among treatments for the 
entire trial. However, during the growing period pigs fed on the 8- and 5-inch 
concrete slats consumed more feed per day and required more feed /gain. Pigs 
fed on concrete consumed more feed daily during the finishing period when they 
were gaining faster than pigs in the other treatments. 
Summary 
Two trials with a total of 280 pigs were conducted to study diets 
containing a low level of phosphorus and to evaluate performance of pigs on 
different floor types. 
A level of 0.4% phosphorus and 0.4% calcium supported performance equal 
to that of pigs fed diets with recommended levels, 0.55% phosphorus and 0.65% 
calcium reduced to 0.5 and 0.6% at 120 pounds. Gains of pigs fed diets of 0.4% 
phosphorus and 0.6 or 0.8% calcium were reduced during the early growth period. 
Pigs housed in concrete floored pens with outside concrete feeding area 
gained significantly faster during the finishing period than pigs housed in an 
enclosed building with 8-inch or 5-inch concrete slatted floors or 3.5-inch 
aluminum slatted floors or pigs in dirt lots. There were no differences in 
feed efficiency during this period or for the overall feeding period. 
Table 1. Composition of Diets (Percent) 
Ingredients 
Corn 
SBM, 44% 
Dicalcium 
Limestone 
Trace mineral salt
a 
Premixb 
Calculated content, % 
Protein 
Calcium 
Phosphorus 
lA 
79.78 
18.5 
0.36 
0.66 
0.5 
0.2 
15. 3 
0.4 
0.4 
To 120 lb. 
2A 3A 
79.15 
18.6 
0.37 
1.18 
0.5 
0.2 
15.3 
0.6 
0.4 
78.52 
18.7 
0.38 
1. 7 
0.5 
0.2 
15.3 
0.8 
0.4 
4A 
78.6 
18.7 
1.2 
0.8 
0.5 
0.2 
15.3 
0.65 
0.55 
120 to 210 lb. 
lB 2B 3B 
86.2 
12.0 
0.48 
0.62 
0.5 
0.2 
13.0 
0.4 
0.4 
85.52 
12 .15 
0.49 
1.14 
0.5 
0.2 
13.0 
0.6 
0.4 
84.86 
12.28 
0.50 
1.66 
0.5 
0.2 
13.0 
0.8 
0.4 
4B 
85.25 
12.2 
1.05 
0.8 
0.5 
0.2 
13.0 
0.6 
0.5 
a
Supplied in addition to NaCl the following parts per million of trace 
minerals: zinc, 40; manganese, 20; iron, 16.5; copper, 2.4; cobalt, 1.1 and 
iodine, 0.55. 
bsupplied per lb. of diet: vitamin A, 1500 IU; vitamin D, 150 IU; 
riboflavin, 1.25 mg; pantothenic acid, 5 mg; niacin, 10 mg; choline, 50 mg; 
vitamin B
12
, 7.5 mcg a..1d aureomycin, 10 milligrams. 
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Table 2. Effect of Calcium and Phosphorus Levels on Performance 
of Growing-Finishing Pigs 
Calcium, % 0.4 0.6 0.8 0.65-0.6 
PhosEhorus2 % 0.4 0.4 0.4 0.55-0.5 
Number of pigs 
a 
70 70 70 70 
Avg. initial wt. , lb. 58.6 58.7 58.7 58.4 
Avg. final wt., lb. 214.0 211. l 208.8 213.4 
Initial to 120 lb. 
1.57
b 
1.6l
b Avg. daily gain, lb. 1.46 1.45 
Daily feed consumed, lb. 4.51 4.30 4.22
c 
4.57 
Feed/gain 2.86 2.95 2.91 2.81 
120 to 210 lb. 
Avg. daily gain, lb. 1. 70 1. 73 1.69 1.66 
Daily feed consumed, lb. 6.14 5.86 6.16 5.98 
Feed/gain 3.59 3.39 3.65 3.60 
Initial to 210 lb. 
Avg. daily gain, lb. 1. 64 1.61 1.59 1.64 
Daily feed consumed, lb. 5.48 5.18 5.31 5.43 
Feed/gain 3.33 3.22 3.34 3.31 
Carcass data 
d 
Avg. backfat, in. 1.21 1.19 1.17 1.22 
Avg. length, in. 30.3 30.0 29.9 30.2 
a 
b
Five lots of 8 pigs, trial 1, and 5 lots of 6 pigs, trial 2, per treatment. 
Significantly greater than treatments 2 and 3 (P<.005) . 
�Significantly less than treatments 1 and 4 (P<.01) . 
Barrows only. 
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Table 3. Effect of Type of Floor on Performance of Pigs Fed Diets 
of Different Calcium and Phosphorus Content 
Type of :een 
8-inch 5-inch 3.5-inch 
slat slat slat Concrete Dirt 
concrete concrete aluminum lot lot 
Number of pigs 
a 
56 56 56 56 56 
Avg. initial wt., lb. 58.1 59.6 59.6 58.0 57.7 
Avg. final wt. , lb. 209.7 206.7 206.6 207.7 224.0 
Initial to 120 lb. 
Avg. daily gain, lb. l.56
b 
1.51 1.49 1.53 1.53 
Daily feed consurn�d, lb. 4.75 4.64b 4.09 4.25 4.28 
Feed/gain 3.03
c 3.07
c 2.74 2.79 2.79 
120 lb. to 210 lb. 
l.87
d 
Avg. daily gain, lb. 1.62 1.66 1.69 1.64 
Daily feed consumed, lb. 5.84 5.83 5.99 6.04 6.47 
Feed/gain 3.59 3.50 3.55 3.68 3.46 
Initial to 210 lb. 
l.73
d 
Avg. daily gain, lb. 1.58 1.59 1.60 1.59 
Daily feed consumed, lb. 5.36 5.29 5.22 5.27 5.61 
Feed/gain 3.37 3.32 3.26 3.31 3.23 
Carcass data 
e 
Avg. backfat, in. 1.16 1.17 1.23 1.19 1.25 
Avg. length, in. 30.0 30.1 29.6 30.2 30.6 
a 
b
Four lots of 8 pigs, trial 1, and 4 lots of 6 pigs, trial 2, per treatment. 
Significantly greater than treatments 3, 4 and 5 (P<.005) . 
c
Significantly greater than treatments 3, 4 and 5 (P<.005) . 
dsignificantly greater than all other treatments (P<.005) . 
e Barrows only. 
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Effect of Calcium and Phosphorus Sources and Levels 
in Growing-Finishing Swine Diets 
Richard C. Wahlstrom, George W. Libal and Alan Vogel 
Animal by-products from the slaughter house industry contain high levels 
of calcium and phosphorus and may be used to supply part of these elements in 
swine diets during times of a shortage of supply of the mineral supplements. 
Since animal by-products are also high in protein, the amount of soybean meal 
can be reduced when they are included in the diet. 
A shortage of phosphorus supplements existed in early 1974 and this 
experiment was conducted to study the effect of supplying all of the supple­
mentary phosphorus in the diet with the use of meat and bone meal containing 
4% phosphorus, 8% calcium and 50% protein. Calcium and phosphorus levels were 
also evaluated using ratios of calcium to phosphorus of 1.2:1, 1:1 and 1:1.25. 
Experimental Procedure 
Seventy-two pigs were allotted to three replications of four treatments. 
Each of the four lots consisted of three barrows and three gilts. The pigs 
were housed in a total confinement building in pens 5 feet by 16 feet in which 
self-feeders and automatic waterers were located. Average initial weight was 
about 44 pounds. 
The composition of the basal diet is shown in table 1. All diets con­
tained the same levels of phosphorus but varied in calcium level or source of 
calcium. The dietary treatments were as follows: 
1. Corn-soy control, calcium:phosphorus ratio 1.2:1 
2. Com-soy-meat and bone meal, calcium:phosphorus ratio 1.2:1 
3. Corn-soy diet, calcium:phosphorus ratio 1:1 
4. Corn-soy diet, calcium:phorphorus ratio 1:1.25 
The pigs were removed by lots when they weighed approximately 210 lb. 
except for those on treatment 2 that weighed about 200 lb. when removed 
because of a need for the pens. 
Results 
Table 2 summarizes the results of average daily gain, feed consumption 
and feed/gain for the growing, finishing and overall periods of this experi­
ment. 
Average daily gain was similar for all three treatments that received the 
com-soybean meal diets. Calcium to phosphorus ratios from 1.2:1 to 1:1.25 
did not affect pig performance. Phosphorus levels were constant at 0.55% in 
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grower diets and 0.5% in finisher diets. Calcium ranged from 0.66% in treat­
ment l to 0.44% in treatment 4 during the growing phase and from 0.6 to 0.4% 
in the finishing phase. The low level of calcium is lower than recommended, 
but it did not affect growth performance in this trial. 
Pigs fed the diet containing meat and bone meal to equal all of the 
phosphorus supplied by dicalcium phosphate in the other treatments gained more 
slowly throughout the trial. However, only the overall gain of 1.51 lb. per 
day for this group was significantly less than the gain of 1.65 lb. per day 
for pigs fed diet l which had identical levels of calcium and phosphorus as 
the meat and bone meal diet. It is possible that the level of meat and bone 
meal used created a deficiency of some amino acid or it may have decreased 
palatability as less feed was consumed by these pigs while their feed/gain was 
similar to that for other treatment groups. 
Summary 
An experiment was conducted using 72 weanling pigs fed corn-soybean meal 
diets calculated to be equal in phosphorus but with different calcium levels 
or using meat and bone meal as a phosphorus source. 
In this experiment, faster gains were obtained with corn-soybean meal 
diets supplemented with phosphorus from dicalcium phosphate than when meat and 
bone meal was fed as the phosphorus source. Calcium levels from 0.66 to 0.44% 
in grower diets and from 0.6 to 0.4% in finishing pig diets did not affect 
growth performance of pigs fed diets containing 0.55 or 0.5% of phosphorus 
during the growing and finishing periods, respectively. 
Table l. Composition of Diets (Percent) 
To 120 lb. 120 to 210 lb. 
Ingredients lA 2A 3A 4A lB 2B 3B 4B 
Corn 78.3 81.4 78.6 78.85 87.4 90.3 87.7 87.95 
SBM, 44% 19.0 11.4 19.0 19.0 10.0 3.2 10.0 10.0 
Meat and bone meal 6.2 5.6 
Di calcium 1.2 1.2 1.2 1.1 1.1 1.1 
Limestone 0.8 0.3 0.5 0.25 0.8 0.3 0.5 0.25 
Trace mineral salt 
a 
0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
Premixb 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Calculated content, % 
Protein 15.4 15.4 15.4 15 .4 12.3 12.3 12.3 12.3 
Calcium 0.66 0.66 0.55 0.44 0.6 0.6 0.5 0.4 
Phosphorus 0.55 0.55 0.55 0.55 0.5 0.5 0.5 0.5 
a
Contained 0.8% zinc. 
bsupplied per lb. of diet: vitamin A, 1500 IU; vitamin D, 150 IU; 
riboflavin, 1.25 mg; pantothenic acid, 5 mg; niacin, 10 mg; choline, 50 mg; 
vitamin B
12, 7.5 mcg and tylan, 8 milligrams. 
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Table 2. Results of Feeding Different Calcium and Phosphorus 
Sources and Levels in Swine Diets 
Treatments 
1 2 3 
Number of pigs
a 
Avg. initial wt., lb. 
Avg. final wt., lb. 
Initial to 120 lb. 
Avg. daily gain, lb. 
Avg. feed consumed, lb. 
Feed/gain 
120 lb. to 210 lb. 
Avg. daily gain, lb. 
Avg. feed consumed, lb. 
Feed/gain 
Initial to 210 lb. 
Avg. daily gain, lb. 
Avg. feed consumed, lb. 
Feed/gain 
18 
44.5 
214.5 
1.60 
4.19 
2.63 
1. 73 
5.93 
3.50 
1.65
b 
5.01 
3.06 
18 
44.0 
198. 8 
1.48 
4.05 
2.73 
1.55 
5.83 
3.53 
1.51 
4.89 
3.13 
a 
b
Three replicates of 6 pigs each per treatment. 
Significantly greater than treatment 2 (P<.05) . 
'1 /. 
18 
44.9 
209.9 
1.59 
4 .15 
2.63 
1.64 
6.31 
3.85 
1. 61 
5.13 
3.12 
4 
18 
44.6 
211.1 
1.60 
4.21 
2.60 
1.65 
6.00 
3.48 
1.63 
5.06 
3.09 
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High and Low Protein Oats in Diets for Growing Pigs 
George W. Libal ,  Steven L .  Robb ins and R ichard C. Wahlstrom 
I t  has been shown that presently used oat varieties have a wide range of 
protein content . In a previous experiment at this s tation it was shown that 
a variety of oats ( Dal) that contained over 16% pro tein and 0. 66% lysine 
could be used at a higher level in swine diets than was previously recommended 
for oats . In addition , it was possib le to reduce the amount of supp lemental 
protein in the diet indicating that the lys ine present in the oats was high ly 
availab le . Rate o f  gain of growing-finishing pigs was not affected when oats 
replaced 60% of the corn in the diet , but feed efficiency was reduced about 
3% . 
The obj ective o f  this experiment was to evaluate two varieties o f  oat s , 
a high and a low protein oat s , when they were fed as the only grain for 
growing pigs . 
Experimental Procedure 
One hundred twenty crossbred pigs averaging approximately 60 lb . were 
allotted on the basis of weight , ances try and sex to three rep licates of four 
treatments .  Each lot contained four barrows and four gilts . The pigs were 
housed in a completely enclosed , slat ted floor confinement building . 
The two oat variet ies used were S ioux which contained 10. 9% protein and 
0. 46% lysine and Dal which had 15. 6% pro tein and 0.61% lysine . Diets 1, 2 
and 3 were formulated to be equal in lys ine content while diets 4 and 5 were 
formulated on the bas is of soybean meal levels . The compos it ion of the diets 
is shown in tab le 1. 
The experimental treatments were as follows : 
1. Basal diet , corn-soy 
2. S ioux oats-soy , equal lys ine to diet 1 
3 .  Dal oats-soy , equal lysine to diet 1 
4. S ioux oats-soy , equal SBM to diet 3 
5. Dal oats-soy , equal SBM to die t  2 
The experiment was terminated when the pigs weighed approximately 125 lb . 
because of insufficient amounts of oats to cont inue the pigs to market wei ght . 
Results 
Growth and feed data for this trial are sunnnarized in table 2. P igs fed 
the com-soybean meal diet gained significantly fas ter than did pigs fed the 
oats-soybean meal diets . This difference in gain was probably due to the 
higher energy content and less fiber in the corn diet . I t  is also possible 
that there were other nutrient dif ferences in the diets that may have affected 
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growth performance . Diets 1 ,  2 and 3 ,  whi ch contained corn ,  S ioux and Dal 
oat s , resp ectively , were formulated to contain equal lysine . Therefore , the 
amount of soybean meal in the oats diets was considerably less than in the 
corn diet . The pigs fed the higher protein Dal oats gained s light ly fas ter 
than those fed the Sioux oats . However , these dif ferences were not s igni fi­
cant . 
Feed consump tion and feed efficiency o f  pigs fed the corn diet were 
s ignif icantly improved compared to those for all oat treatment groups . Pigs 
fed Dal oats were more efficient than those fed Sioux oat s . These differences 
were significant when compared to those for pigs fed the Sioux oats diet at 
the lower soyb ean meal level , diet 4 .  These pigs required 4 . 35 lb . of feed 
per lb . of gain compared to 3 . 59 for pigs fed Dal at the same soybean meal 
level and 3 . 47 for pigs fed Dal at the higher soybean meal leve l .  
Summary 
One hundred twenty weanling p igs were fed diets of corn , Sioux oats and 
Dal oats as the cereal grain portion of the diet . S ignificantly faster and 
more efficient gains were ob tained when pigs were fed the corn diets . Pigs 
fed Dal oats ( 15 . 6% protein and 0 . 6 1 %  lysine ) gained slightly fas ter and 
were more e ff icient than pigs fed S ioux oats ( 10 . 9 %  protein and 0 . 46% lysine) 
when diets were fed on either an equal lys ine or equal soybean meal b as is . 
Tab le 1 .  Comp os i tion o f  
Ingredients 1 
Corn 7 8 . 45 
S ioux oats 
Dal oats 
Soyb ean meal , 44% 1 9 . 00 
Dicalcium phosphate 1 . 20 
G round limes tone 0 . 65 
Trace mineral 
a 0 . 50 salt 
Premixb 0 . 20 
Diets (Percent) 
Treatments 
2 3 
85 . 3  
9 1 . 0 
1 2 . 4  6 . 7  
0 . 4  0 . 4 
1 . 2 1 . 2  
0 . 5 0 . 5  
0 . 2  0 . 2  
4 
9 1 . 0 
6 . 7  
0 . 4 
1 . 2  
0 . 5  
0 . 2 
5 
85 . 3  
1 2 . 4  
0 . 4  
1 . 2  
0 . 5  
0 . 2  
:contained 0 . 8% zinc . 
Supplied per lb . o f  diet : vitamin A ,  1 500 IU ; vitamin D ,  150 I U ;  
ribof lavin , 1 . 25 mg; pantothenic acid , 5 mg ; niacin , 1 0  mg ; choline , 
50 mg; vitamin B 1 2 , 7 . 5  mcg and tylosin , 10 milligrams . 
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Tab le 2 .  Growth Performance of Pigs Fed High and Low Protein Oats 
1 2 3 4 
Corn- Sioux oats- Dal oats- Sioux oats-
SBM SB� SB Ma SBMb 
Number of pigs 24 2 1  23  2 3  
Avg . ini tial wt . ,  lb . 60 . 0  59 . 8  5 9 . 9  60 . 0  
Avg . final wt . ,  lb . 122 . 9  122  . 1  125 . 8  1 2 1 . 6  
Avg . dai ly gain , lb . l . 6od 1 . 1 1 1 . 20 1 . 0 6  
Daily feed consumed , lb . 4 . 82e 4 . 32 4 . 30 4 . 63 
Feed/gain 3 . 0 1 f 3 . 88g 3 . 59g 4 . 35 
5 
Dal oats-
SB� 
2 3  
60 . 3  
1 2 7 . 2  
1 . 22 
4 . 2 1 
3 . 47g 
�qual lys ine to corn-SBM diet 1 .  Sioux oat s  contained 10 . 9% protein and 
0 . 4 6% lysine , Dal oats contained 1 5 . 6% protein and 0 . 6 1 %  lysine . 
bEqual SBM to diet 3 .  
CEqual SBM to die t  2 .  
ds igni ficantly greater than treatments 2, 3 ,  4 and 5 (P< . 05 ) . 
esigni f icantly greater than t reatment 5 (P < . 0 5 ) . 
fsignifi cantly les s than t reatments 2 ,  3 ,  4 and 5 (P< . 05 ) . 
Ssignificantly less than t reatment 4 (P< . 0 5 ) . 
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In early work wi th high protein grains it was found that the increase in 
protein generally resulted in a lowering of the quality of protein in the 
grain. Recently varieties of grains have been identified that have increased 
amounts of the essential amino acids , part icularly lysine which is generally 
the mos t limiting amino acid in cereal grains . At the 1974 Swine Day i t  was 
reported (A . S .  Series 74-31) that Dal oats contains a higher level of protein 
and lys ine than that cons idered average for oat s . I t  was also shown that this 
oats could replace a greater amount of corn in swine diets than previously 
recommended and that a cons iderab le reduct ion in amount of soybean meal could 
be made b ecause of the higher lys ine content . 
The obj ectives of the experiment reported herein were t o  ob tain further 
information on sub s ti tuting high lysine oat s for corn in swine diets and to 
evaluate the effect of added energy , in the form of animal fat , to these 
diets . 
Experimental Procedure 
Four replicate groups of 24 crossb red pigs averaging approximately 52 lb . 
were allotted on the basis of weigh t ,  sex and ances try to provide 6 pens of 
4 pigs (2 barrows and 2 gilts ) within each replicat e .  The groups of 4 pigs 
were then randomly ass igned to t reatment . The pigs were kept in uninsulated 
wooden houses placed on concrete . Pen area inside was 6 by 8 feet and pigs 
also had access to outs ide lots 6 by 12 fee t where self- feeders and waterers 
were located . 
The compos i t ion of the diets is shown in tab le 1 .  Die ts were calculated 
to contain equal amounts of lys ine , 0 . 80% in die ts fed to 125 lb . and 0 . 60% in 
diets fed from 125 to 210 pounds . The Dal oat s contained 16% protein and 0 . 62% 
lysine . 
The experimental treatments were as follows : 
1 .  Com-soyb ean meal diet , 14-12% protein , plus 0 . 15% lysine 
2 .  Com-oats (1:1) 
3 .  Corn-oats (2: 1) 
4 .  Com-oats (1: 1) plus 5% fat t o  equalize energy to die t 1 
5 .  Corn-oats (2: 1) plus 3 . 5% fat t o  equalize energy to diet 1 
6 .  Corn-s oyb ean meal diet , 16-13% protein 
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Results 
The results of this experiment are summarized in table 3. The means for 
average daily gain did not differ significantly from one another during the 
growing period, 52 to 125 pounds. However, during the finishing period, from 
125 to 210 lb., pigs fed the lower protein corn-soy diet (diet 1) gained at a 
slower rate than pigs fed any of the other treatments. The gain of these pigs 
was only 1.51 lb. per day which was significantly less than the 1.77 lb. per 
day gain of pigs fed diets 2 and 5. Rate of gain for the entire experimental 
period was also significantly less for pigs fed diet 1 than for pigs fed 
diets 5 and 6. It is possible that the reduced gain of pigs fed diet 1 may 
have been due to a deficiency of an amino acid other than lysine during the 
finishing period. 
Pigs fed diets where one-third or one-half of the grain was Dal oats 
gained similarly to those fed corn as the only grain (diet 6) . Adding fat to 
the oat diets did not significantly affect rate of gain. Pigs fed diet 4 
which contained 5% fat did consume less feed per day. Other research has also 
shown that feed consumption is reduced as energy content of the diet is 
increased. 
Feed/gain varied from 3.31 lb. for pigs fed the low protein corn diet, 
diet 1, to 3.06, 3.16, 2.97, 2.99 and 2.99 for pigs fed diets 2, 3, 4, 5 and 
6, respectively. Adding fat to the oat diets reduced feed/gain approximately 
3 to 5%. The dif ferences in feed efficiency were not significantly different 
among treatments. 
The dietary treatments did not affect carcass development as backfat 
depth, carcass length and loin eye area were quite similar among groups. 
The results of this experiment confirm our previous work and indicate 
that Dal oats can be used in growing-finishing swine diets to replace at least 
half of the corn in the diet. With oats containing 0.60% or more lysine it is 
also possible to reduce the amount of soybean meal by at least 100 lb. per ton 
of feed. 
Summary 
Ninety-six crossbred pigs were fed diets consisting of corn as the only 
grain compared to diets containing Dal oats (0.62% lysine) as one-third or 
one-half of the grain with and without added fat. All diets were equal in 
lysine content. The increasing levels of oats resulted in decreasing levels 
of soybean meal required in the diets. No significant differences in average 
daily gain, feed ef ficiency or carcass data were noted among treatments except 
that pigs fed a low protein corn diet supplemented with lysine gained signifi­
cantly slower during the finishing period. There was no benefit in addin� f at 
to the diets containing oats. 
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Tab le 1 .  Composit ion of Diets t o  12S Pounds (Percent) 
a 
Ingredients lA 2A 3A 4A SA 6A 
Ground corn 8 2 . 2  40 . 9  S 3 . S  38 . 0  50 . 8  7 6 . 8  
Dal oats 40 . 9  2 6 . 7  38 . 0  2S . 4  
Soybean meal , 44% lS . O  1 5 . 7 1 7 . 3 1 6 . 5  1 7 . 8  20 . 7  
Animal fat s .o 3 . S  
Dicalcium phosphate 1 . 2  1 . 2  1 . 2  1 . 2  1 . 2  1 . 2  
Ground limes tone b 0 . 7  0 . 6  0 . 6  0 . 6  0 . 6  0 . 6  Trace mineral salt o . s o . s 0 . 5 0 . 5 o . s  o . s  c 0 . 2  0 . 2 0 . 2 0 . 2 0 . 2 0 . 2  Vitamin-ant ib iotic premix 
L-lys ine hydrochlorided 0 . 2 
a 
bAll diets formulated t o  contain 0 . 80% lysine . Contained 0 . 8% z inc . 
cSupplied per lb . of diet : vitamin A ,  lSOO IU ; vitamin D ,  150 IU ; 
vitamin E ,  S IU ; riboflavin , l . 2S mg ; pantothenic acid , S mg ; niacin , 8 mg ; 
choline , 25 mg ; vitamin B 1 2 , S mcg and aureomycin , 10  milligrams . dcontained 7 8% lysine . 
Tab le 2 .  Compos ition of Diets From 1 2 S  t o  2 1 0  Pounds (Percent ) a 
Ingredients lB 2B 3B 4B SB 6B 
Ground corn 87 . 89 44 . 9 5  S8 . 7  4 1 .  7 5  S 6 . 0  84 . 7  
Dal oats 44 . 9 S  2 9 . 3S 4 1 . 7S 2 8 . 0  
Soybean meal , 44% 9 . S 7 . 7  9 . S 8 . 7  1 0 . 0  1 2 . 8  
Animal fat 5 . 4  3 . S  
Dicalcium phosphate 1 . 1 1 . 0  1 . 1 1 . 1  1 . 05  1 . 1 
Ground limestone b 0 . 7  0 . 7  0 . 65 0 . 6 0 . 6S 0 . 7  Trace mineral salt o . s  0 . 5  0 . 5  o . s  o . s  o . s  
Vitamin-antibiotic premixc 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  
L-lys ine hydrochlorided 0 . 1 1  
a contain 0 . 60% lys ine . b�lddiets formulated t o  ' ' See footnotes t ab le 1 .  
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Tab le 3 .  Ef fect of  H igh Protein Oats and Animal Fat in Diets 
of Growing-Finishing Swine 
Die tar� treatments 
1 2 3 4 5 
Numb er of  pigs a 1 6  1 6  1 6  1 6  1 6  
Avg . ini tial wt . ,  lb . 52 . 2  5 2 . 2  52 . 1  52 . 2  52 . 3  
Avg . final wt . , lb . 20 7 . o  2 1 1 . 0  2 07 . 8  209 . 6  2 1 1 .  3 
Avg .  daily gain , lb . 
5 2- 125 lb . b 1 .  7 1  1 . 66 1 .  70 1 .  72  1 .  76  
125- 2 1 0  lb . b 1 .  5 1  c 1 .  7 7  1 . 68 1 .  7 0  1 .  7 7  
52- 2 1 0  lb . b 1 . 59d 1 .  72  1 . 69 1 .  7 1  1 .  7 7  
Daily feed consumed , lb . 
52- 1 2 5  lb . 4 . 64 4 . 36 4 . 55 4 . 45 4 . 5 1  
125- 2 10 lb . 5 . 87 6 .0 7  6 . 0 4  5 . 6 1  5 . 9 3  
52- 2 1 0  lb . 5 . 33 5 . 3 1  5 . 34 5 . 0 9  5 . 27 
Feed/ gain 
52- 1 2 5  lb . 2 .  72 2 . 6 6  2 . 68 2 . 58 2 . 5 6  
125- 2 10 lb . 3 . 82 3 . 44 3 . 60 3 . 30 3 . 37 
5 2- 2 10 lb . 3 . 3 1  3 . 07 3 . 1 6 2 . 9 7  2 . 99 
Carcass datae 
Avg . b ackfat , in . 1 . 25 1 .  2 1  1 . 24 1 . 25 1 .  2 1  
Avg . length , in. 3 1 . 0  30 . 7  30 . 6  30 . 6  30 . 4  
Avg . loin eye area , 5 . 1 1 5 . 0 0  4 . 76 5 . 24 5 . 48 
sq . in . 
a Four lots of 4 pigs each per treatmen t . 
bs ignif icant dif ference due to sex (P < . 0 1 ) . 
cSignificant ly different than treatments 2 and 5 (P< . 05 ) . 
ds ignificantly different than treatments 5 and 6 (P< . 0 5 ) . 
eEigh t barrows per t reatment , data adj us ted to equal weight . 
3 1  
6 
1 6  
52 . 2  
2 1 0 . l  
1 . 80 
1 .  74  
1 .  7 7  
4 . 62 
5 . 79 
5 . 25 
2 . 56 
3 . 37 
2 . 9 9  
1 . 23 
30 . 6  
5 . 63 
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Effect of Early Breeding on Reproductive Performance 
George W. Libal and Richard C. Wahlstrom 
Research was initiated at this station about two years ago on the effect 
of early breeding on reproductive performance and a preliminary report was 
presented at the 1974 Swine Day (A.S. Series 74-32) . It was reported that, 
although differences were not significant, gilts bred at 8 months farrowed and 
weaned slightly more pigs and pig weights were greater than for gilts bred at 
6 months. Although early breeding could save the feed costs incurred during 
an additional 2-month unproductive period, production would need to be similar 
for this system to be profitable. 
The objectives of the experiment reported herein were to obtain further 
data on breeding gilts at 6 or 8 months of age and to determine if age of 
initial breeding has any effect on production of the second litter. 
Experimental Procedure 
Fifty-six crossbred gilts were allotted into two subgroups on the basis 
of weight and ancestry when approximately 6 months old. One group was bred 
at first estrus at 6 months of age and the other group was bred at approxi­
mately 8 months of age. The same two littermate Yorkshire boars were used for 
breeding both groups. Gilts were hand mated, a single service, when in 
standing estrus. The breeding period was limited to 4 weeks. Date of breeding, 
weight and age at breeding were recorded. Prior to farrowing sows were weighed 
at 110 days of gestation and gestation gain calculated to that time. Weights 
were also obtained immediately after farrowing and at weaning time to obtain 
lactation weight change. Pigs were weighed individually at birth and weaning. 
From the time of allotment gilts were hand fed the gestation ration shown 
in table 1 in individual feeding stalls. The 6-month group was fed 5 lb. per 
day and the 8-month gilts 4 lb. per day to farrowing. During lactation the 
sows all received a lactation diet ad libitum. After weaning at 28 days both 
groups were fed 4 lb. of the gestation ration per day during the second gesta­
tion period. Time from weaning to breeding was observed and recorded. The 
same two boars were used in breeding for the second litter as for the first 
litter, but the breeding period was limited to 21 days. 
Results 
Summary data for the first farrowing are presented in table 2 and data for 
the second farrowing in table 3. There was an equal number of gilts bred in 
both age groups. However, only 18 of 28 or 64% of the 6-month gilts farrowed 
while 24 of 28 or 86% of the 8-month gilts farrowed. The gilts were hand 
mated only once and it is possible that a second service may have increased 
conception rate and farrowing percentage. It is not known whether the 6-month 
gilts had had a previous estrus prior to mating, but it is assumed that they 
may have been bred at first estrus. This group of gilts averaged about 6.6 
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months of  age at b reeding and were nearly SO lb . lighter than the 8-month 
gilts at breeding t ime . Gain during ges tation was slightly greater for the 
6-month gilt s .  However , they were fed 5 lb . per day during this period 
compared to 4 lb . per day for 8-month gilts . 
The 8-month gilts averaged 0 . 5  more p igs at birth and at 2 8-day weaning 
than did the 6-month gilts . Mortality from b irth to weaning was high at 
approximately 33% in both groups and was due to the loss of several complete 
li tters due to failure of the sows to milk . Average pig weights at birth and 
weaning were less for the younger 6-month gilts . S ince these gilts also had 
fewer pigs , li tter weights were reduced for this group . The 8-month gi lts 
weaned 19 lb . more total weigh t  per lit ter than did the sows bred at 6 months . 
Lactation weight change was relat ively similar with the younger sows losing 
about 3 lb . and the older group gaining 2 lb . during the 2 8-day lactation 
period.  The data would indicate that the 6-month gilts may not  have produced 
as much milk during lactat ion as the 8-month gilts . 
All sows were obs erved for signs of es trus for 2 1  days following weaning . 
All of the sows in the 6-month group came into es trus within a 10-day period . 
However ,  only 1 9  of the sows in the 8-month group ( 79%) were observed in 
estrus during a 2 1-day period . These 1 9  sows all came into estrus within 14  
days and averaged 6 . 4  days from weaning to estrus , which was similar to the 
5 . 1  days for the other group . Only 6 1 %  of  the sows bred in the 6-month group 
farrowed compared to 100% of thos e bred in the 8-month group . Of the sows 
init ially bred at 8 months 68% farrowed two lit ters and slightly less than 40% 
of the original sows bred at 6 months farrowed their second litte r .  Again , it 
should b e  emphasized that only one service was used during both breed ing 
periods . However , if thes e results are repeatab le , it would cert ainly be an 
advant age for delaying initial breeding to 8 months o f  age . 
There was no di fference in gestation weight gain between groups or in 
numb er of live pigs farrowed at the second farrowing . Pigs were again lighter 
at b irth from sows in the 6-month group . However , these pigs weighed slightly 
more when weaned at 2 8  days . It  is possib le that the somewhat higher mortality 
of pigs from 6-month sows may have eliminated more smaller pigs . Litter 
weights at weaning were s imilar between groups . Sow gains during lactat ion 
were 1 and 1 7  lb . for 6- and 8-month sows , respectively . 
Summary 
Fif ty-six crossb red gilts were divided equally into two groups j us t  prior 
to 6 months of age . One group was bred at 6 months and the other group when 
8 months old . Gilts bred at 8 months were �bout 50 lb . heavier at breeding 
and at 1 10 days of ges tat ion . A higher percentage of bred gilts farrowed from 
the 8-month group and they farrowed and weaned slightly larger and heavier 
litters . A higher percentage of the 8-month group farrowed second litters . 
Pig birth weight was greater , but there was no s ignificant difference in number 
or weight of pigs weaned in the second litter . Sows from the 8-month group 
averaged about 30 lb . heavier than the 6-month group of sows after weaning the 
second litter . 
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Tab le 1 .  Composi tion of Ges tation Diet 
Ingredient Percent of diet 
Ground yellow corn 
Ground oats 
Dehydrated alfalfa meal , 1 7 %  
Soyb ean meal , 44% 
Dicalcium phosphate 
Trace mineral salt , 0 . 8% zinc 
Vitamin premixa 
69 . 0  
1 0 . 0  
10 . 0  
7 . 0 
3 . 0  
0 . 5 
0 . 5 
a Provided p er lb . of  diet : vitamin A ,  2000 IU ; 
vitamin D ,  200 IU ; riboflavin , 1 . 25 mg ; pantothenic acid , 
5 mg ;  niacin , 10 mg ; choline , 50 mg and vitamin B 12 , 7 . 5  micrograms . 
Table 2 .  E ffect of Bre eding at Six and E igh t Months 
on Rep roduct ive Performance ( Firs t Lit ter) 
Number gilts serviced 
Number farrowed 
Avg . ini tial weigh t , lb . a Avg . age at breeding , days 
Avg . breeding weigh t ,  lb . a 
Avg .  1 10-day weigh t ,  lb . a 
Avg . ges tation weigh t gain , lb . 
Avg . 2 8- day lactat ion weigh t change , lb . 
Avg .  numb er live pigs born 
Avg .  number pigs weaned , 28 days 
Avg . pig b irth weigh t ,  lb . 
Avg . pig weaning weight , 28 days , lb . 
Avg . litter b irth weigh t , lb . 
Avg . litter weaning weigh t ,  lb . 
a S ignificant difference (P< . 005) . 
34 
Age at breeding 
6 months 8 months 
28 
18 
224 . 2  
202 . 1  
2 3 1 . 5  
346 . 7  
1 15 . 6  
-3 . 3  
8 . 9  
5 . 9 
2 . 7  
12 . 9  
22 . 1  
75 . 4  
2 8  
24 
227 . 1  
246 . 0  
280 . 4  
399 . 5  
107 . 6  
+1 . 8  
9 . 4 
6 . 4  
2 . 9 
14 . 3  
26 . 6  
9 4 . 4  
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Tab le 3 .  E ffect of S ix and E ight Month B reeding 
on Reproductive Performance ( Second Litter) 
Number sows exposed 
Number sows serviced 
Number sows farrowed 
Days , weaning to breeding 
Avg . b reeding weight , lb . 
Avg . 1 1 0-day weight ,  lb . 
Avg . g es tation weight g ain , lb . 
Avg . 28-day lactation weight chang e , lb . 
Avg . number live p ig s  born 
Avg . number pig s  weaned , 2 1  days 
Avg . p ig b irth weight , lb . a 
Avg . p ig weaning weight , 2 8  days , lb . 
Avg . litter birth weight , lb . 
Avg . litter weaning weight ,  28 days , lb . 
a Sig ni ficant difference (P< . 05) . 
3 5  
Age at first breeding 
6 months 8 months 
1 8  
1 8  
1 1  
5 . 1  
306 . 9  
4 1 4 . 5  
1 0 7 . 6  
+o . 9 
9 . 7  
7 . 2  
2 . 7  
1 5 . 5  
28 . 7  
1 16 . 6 
24 
1 9  
1 9  
6 . 4  
332 . 1  
433 . 6  
1 04 . l  
+16 . 8  
9 . 7  
8 . 0 
3 . 4 
1 3 . 9  
32 . 7  
1 14 . 5  
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Chlortetracycline and Ars anilic Acid Comb inations in Diets of  
Growing-Finishing Swine 
George W .  Lib al , Steven L .  Robb ins and Richard C .  Wahlstrom 
The ant ibiotic chlortetracycline ( aureomycin) and the arsenical compound 
arsanilic ac id have both been shown to improve performance of growing- finish ing 
pigs in previous research . In mos t  experiments , the great est benefits from 
feed additives of this type have been during the early growth period . Since 
these two feed addit ives are of different types , it is thought that they might 
be more effective when combined than feeding either one alone . 
This experiment was condu cted to evaluat e  the growth rate and feed ef fi­
ciency of pigs from weaning to market weight when fed diets containing various 
combinat ions of chlortetracycline and ars anilic ac id . 
Experimental Procedure 
One hundred forty-seven crossb red pi gs were used . The pigs were allotted 
to seven experimental treatments in three replicates on the basis of  sex , 
ances try and weight . The three replications were s tarted on test at dif ferent 
times to equali ze average pen s tart ing wei ght and minimize variat ion within 
each pen . Each pen consis ted of four gilts and three barrows . The average 
starting weight of all pigs was 32 pounds . 
The pigs were housed 7 pigs per pen in a slatted floor , totally enclosed 
confinement building . Pens were 7 . 5  feet by 9 feet . A 3-hole self- feeder and 
nipple type waterer were located in each pen . 
Three bas al diets were used . A 17%  protein diet was fed the first 6 weeks , 
a 15% protein diet the next 6 weeks and a 1 3% protein diet for the las t 4 weeks 
of  the 16-week experiment . The composit ion o f  the basal diets is shown in 
table 1 .  The chlortetracycline and ars anilic ac id levels included in the diets 
for the seven treatments were as follows : 
Gm/ton 
Treatment Chlortetracycline Arsanilic acid 
1 0 0 
2 50 0 
3 5 0  22 . 5  
4 2 5  4 5  
5 50 45 
6 50 90 
7 0 90 
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Results 
Growth performance data are summarized in tab le 2 .  The results are 
presented for each of three periods , f irst 6 weeks , second 6 weeks and las t  
4 weeks and also the accumulat ive results a t  12  and 1 6  weeks . No statis t i­
cally significant differences were found for average daily gain , daily feed 
consump t ion or feed / gain . Only pig weights at the end of the 12-week period 
were found to be s tatis tically different . 
All treatment groups did gain s li gh tly fas ter than the unsupp lemented 
controls during the firs t 6 weeks . Daily gains ranged from 1 . 15 lb . for pigs 
not receiving any feed additive to 1 . 29 lb . for those pigs fed diet s containing 
50 gm of chlortetracycline and 45 gm o f  arsanilic acid per ton of feed . These 
results are similar to many others that have shown the greatest response to 
feed additives occurs during the early growth period . During the second 6-week 
period , gain o f  pigs fed the control diet was intermed iate to that o f  t he 
various supplemented groups as three supp lemented treatment groups gained 
fas ter and three supplemented treatment groups gained slower than the controls . 
Pigs fed the control diet gained fas ter than those fed supplemented diets 
during the las t 4 weeks of the trial . Thus , differences in gain among treat­
ments were small when averaged over the complete 1 6-week period . 
There did not appear to be any part icular t rends in feed consumpt ion and 
feed/ gain . Pigs fed the unsupplemented control diet were quite efficient 
requiring only 3 . 15 lb . of feed per lb . of gain . Only the pigs receiving the 
diet supplemented with 90 gm per ton of arsanilic acid were more eff icien t . 
These p igs had a feed efficiency of 3 . 02 or 4% less than the control pigs . 
Summary 
A 16-week s tudy was conducted using 147  weanling pigs to evaluate 
dif ferent levels and comb inat ions of chlortetracycline and ars an il ic acid in 
growing- f inish ing swine diets . In this experiment there were no s igni ficant 
ef fects on daily gain or feed/gain from any of the comb inations used . 
Tab le 1 .  Composition of Basal Diets , % 
Protein levels 
1 7 %  15% 1 3% 
6 6- 1 2  1 2- 1 6  
Rat ion ingredient weeks weeks weeks 
Ground yellow corn 59 . is 8 1 . 2 5 86 . 80 
Soyb ean meal , 5 0% 22 . 00 1 5 . 50 1 0 . 50 
Ground oats 15 . 00 
Calcium carbonate 0 . 50 0 . 75 0 . 70 
Dicalcium phosphate 2 . 00 1 .  75  1 . 2 5  
Trace mineralized salt 0 . 50 0 . 5 0  0 . 50 
Vitamin premixa 0 . 25 0 . 25 0 . 25 
aProvided per lb . of diet : vitamin A ,  1500 IU ; vitamin D ,  
150  IU ; riboflavin , 1 . 25 mg ; pantothenic acid , 5 mg ; niacin , 
10 mg ; choline , 50 mg and vitamin B 1 2 , 7 . 5  micrograms . 
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Tab le 2 .  
Arsanilic acid 
Chlortetracycline 
Initial 
6 wks 
12  wks a 
1 6  wks 
0-6 wks 
6- 1 2  wks 
0- 1 2  wks 
1 2 - 1 6  wks 
0- 1 6  wks 
0- 6 wks 
6- 12  wks 
0- 1 2  wks 
12- 1 6  wks 
0- 1 6  wks 
0- 6 wks 
6- 1 2  wks 
0- 12  wks 
12- 1 6  wks 
0- 1 6  wks 
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Swmnary of Growth and Feed Data by Treatment 
Treatments 2 �/t on 
0 0 22 . 5  45 45 9 0  
0 50 50 2 5  50 5 0  
Pig weigh ts z lb • 
32 . 3  32 . 2  32 . 2  32 . 5  32 . 3 32 . 3  
80 . 6  8 1 . 8  8 3 . 2  8 1 . 3  86 . 6  83 . 8  
1 48 . 9  146 . 4  154 . 5  148 . 2  1 5 7 . 6  1 5 1 . 9  
200 . 8  1 94 . 1  203 . 7  198  . 5  205 . 8  202 . 8  
Average dail� gain 2 lb . 
1 . 15 1 . 1 8 1 . 2 1 1 . 1 6 1 . 2 9  1 . 22 
1 . 63 1 . 5 3  1 .  7 0  1 . 5 9  1 . 69 1 . 6 1  
1 .  39 1 . 36 1 . 46 1 . 38 1 . 49 1 . 43 
1 . 86 1 .  70 1 .  76  1 . 80 1 .  7 2  1 . 82 
1 . 5 1 1 . 44 1 . 53 1 . 48 1 . 55 1 . 52 
Dail� feed consumEtion 2 lb . 
3 . 0 3 3 . 26 3 . 39 3 . 1 8  3 . 30 3 . 39 
5 . 1 9 5 . 1 7 5 . 44 5 . 04 5 . 44 5 . 2 1  
4 . 1 1  4 . 22 4 . 4 7 4 . 1 1 4 . 37 4 . 30 
6 . 53 6 . 48 6 . 50 6 . 66 6 . 37 6 . 43 
4 .  72 4 . 78 4 . 9 4  4 . 75 4 . 87  4 . 83 
Feed /gain 
2 . 65 2 . 78 2 . 80 2 .  7 7  2 . 56 2 .  7 7  
3 . 22 3 . 4 0  3 . 2 1 3 . 2 0 3 . 2 3 3 . 22 
2 . 9 8 3 . 1 3  3 . 04 3 . 02 2 . 9 4  3 . 0 3 
3 . 57 3 . 85 3 . 7 5 3 . 74 3 . 74 3 . 56 
3 . 1 5  3 . 34 3 . 24 3 . 24 3 . 1 6 3 . 19 
a Signif icant difference due to treatment (P< . 0 5 ) . 
90  
0 
32 . 5  
84 . 0  
1 54 . 3  
203 . 5  
1 . 2 3 
1 . 6 8 
1 . 45 
1 .  7 6  
1 . 53 
3 . 07 
5 . 46 
4 . 1 5 
6 . 1 3 
4 . 64 
2 . 5 1  
3 . 28 
2 . 88 
3 . 50 
3 . 02 
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High Protein Grains in Starter Rat ions 
Steven L. Robb ins , George W. Libal and Richard C .  Wahlstrom 
High protein grains have been shown to have greater value than normal 
protein grains when fed to growing and finishing swine . However , limited 
research has been conducted using these grains in young pig starter diets . 
Because cereal grains primarily supply energy in the swine diet , s tarter diets 
need to be supplemented with large amount s  of protein supplement in order to 
meet the pig ' s  nutrient requirements . High protein grains have the ab ility to 
provide energy and a maj or port ion of protein in the d ie t .  Three separate 
experiments were conducted to determine the value of high protein grains in 
pig s tarter diets and are reported here . 
Experimental Procedures 
The experiment cons is ted of three separate trials . Pigs were removed 
from their dams when they weighed between 1 6 . 5  and 22 . 5  lb . and were from 4 t o  
6 weeks of age . They were allotted on the basis o f  ances try and weight and 
placed directly on the experimental die t s .  Groups were randomly as signed to 
treatments and the trials were continued for 4 weeks . All pigs were housed in 
concrete floored pens bedded with wood shavings and confined indoors . Feed and 
water were provided ad libi tum .  
One hundred forty-four pigs were used in both trials 1 and 2 .  These pigs 
were allot ted into 24 groups wi th three groups of six pigs each being fed each 
experimental diet . In trial 3 ,  120 pigs were allotted into 24 groups o f  five 
pigs each . Three replicate groups were again ass i gned to each dietary treat­
ment . 
The experiment al treatments for t rial 1 were as follows : 
Diet 1 .  
Diet 2 .  
Diet 3 .  
Diet 4 .  
Diet 5 .  
Diet 6 .  
Die t 7 .  
Normal corn-soy control ( 1 8% protein) 
Oats-soy ( 18% protein) 
Oats-soy (equal lysine to diet 1 )  
Oats-soy-energy ( equal energy and protein to diet 1 )  
Oat s-soy ( oats replaced corn pound for pound) 
Com-oats-soy (substitution of oats for one-hal f  o f  corn) 
Doub le mutant corn-soy ( 16 . 5 %  protein , equal lys ine t o  
diet 1 )  
Diet 8 .  Waxy corn-soy ( 18% protein) 
The compos i t ion o f  the die ts for trial 1 is shown in tab le 1 .  The oats 
used contained 1 6 . 6% protein and 0 . 65% lysine . The calculated p rotein and 
lysine values of the various diets are also listed in tab le 1 .  
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The experimental treatments for trial 2 were as follows : 
Diet 1 .  Corn-soy + 0 . 1 5 %  L-lysine 
Diet 2 .  10% oats ( rep lacing corn) + 0 . 1 1 % L-lysine 
Diet 3 .  20% oats (replacing corn) + 0 . 07% L-lysine 
Diet 4 .  40% oats (replac ing corn) 
Diet 5 .  Doub le mutant corn-soy 
Diet 6 .  20% oats ( replac ing double mutant corn) 
Diet 7 .  40% oats (rep lac ing doub le mutant corn) 
Diet 8 .  Waxy corn-soy + 0 . 15% L-lysine 
The composition of the diets used in this trial is shown in tab le 2 .  
Diets 1 ,  2 ,  3 ,  4 and 8 were calculated to b e  equal in lysine content . Total 
protein increased and energy decreased with increasing levels of oats sub­
stitution . 
The experimental treatments for trial 3 were as follows : 
Diet 1 .  Com-soy-s tarch + 0 . 12% L-lys ine (0 . 8% lys ine) 
Diet 2 .  Corn-soy (0 . 8% lys ine) 
Diet 3 .  20% oats (replacing corn) ( 0 . 8% lysine) 
Diet 4 .  40% oats (rep lacing corn) (0 . 8% lysine) 
Diet 5 .  Corn-soy + 0 . 1 5% L-lysine ( 0 . 9 5 %  lysine) 
Diet 6 .  20% oats ( replacing corn) + 0 . 0 7 %  L-lysine ( O .  9 5% lys ine) 
Diet 7 .  40% oats ( replacing corn) ( 0 . 95% lysine) 
Diet 8 .  Opaque-2-soy ( 0 . 9 5 %  lys ine) 
The compos it ion of the diets fed in trial 3 is shown in tab le 3 .  The 
lys ine contents of diets 1 ,  2 ,  3 and 4 were calculated to be equal , but protein 
content increased wi th increasing levels of oats substitut ion . Lys ine levels 
of diets 5 ,  6 ,  7 and 8 were also calculated to be equal , but protein and f iber 
content increased wi th inc reasing oats substitut ion . 
Dehulled soyb ean meal ( 48 . 5 % prot ein )  and Dal oat s were used in all trials . 
The opaque- 2 ,  doub le mutant and waxy corns were all Troj an hyb rids . 
Results 
The results of trial 1 are summarized in tab le 4 .  Pigs fed diets 2 and 
3 ,  which contained the highes t leve ls of oats and lowes t  levels o f  soybean 
meal , gained significantly s lower and weighed significantly less after 4 weeks 
of feeding than pigs fed each of the other diets . Daily gains were 0 . 7 1 lb . 
for pigs fed diets 2 and 3 compared to 0 . 9  to 1 . 06 lb . for the other groups . 
The mos t rapid rate of gain ( 1 . 06 lb . per day) was made by pigs fed the double 
mutant corn diet . Thes e pigs were also significantly heavier than pigs fed 
diets 4 and 5 which were also diets containing oats . 
Pigs fed the waxy corn die t  had the mos t efficient feed convers ion . These 
pigs required 1 . 99 lb . of feed/gain , significant ly less than the 2 . 9 3  and 
2 . 73 lb . o f  feed/ gain required by pigs fed the high fib er , low energy oat 
diets , diets 2 and 3 ,  respect ively . Feed / gains of pigs fed the normal corn , 
oats-com and doub le mutant corn diets were 2 . 22 , 2 . 04 and 2 . 08 ,  respectively . 
These were all signi ficantly lower than the feed /gain of pigs fed diet 2 .  
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The results of trial 2 are summarized in tab le 5 .  There were no s igni fi­
cant differences in either final weights or average dai ly gain between any of 
the diets . Final weigh ts ranged from 43 . 2  to 40 . 1  lb . for pigs fed the doub le 
mutant corn diet and thos e p igs fed the normal corn-soy + 0 . 1 5% L-lysine diet . 
The pigs receiving the doub le mutant corn diet gained 0 . 84 lb . per day and the 
pigs receiving normal corn-soy + 0 . 15% lys ine gained 0 . 7 3 lb . per day . 
Pigs fed diet 7 ,  doub le mutant corn and 40% oats , required cons iderab ly 
more feed than the other groups . It was noted that this diet did not feed 
down readily in the self- feeder and , when the opening was increased to allow 
feed flow ,  excess ive was tage occurred . The bes t feed efficiency occurred when 
pigs were fed the doub le mutant corn (diet 5 ) . Differences in efficiency 
between diets 5 and 7 were s ignificant . 
The results of trial 3 are summarized in tab le 6 .  No s ignificant differ­
ences were ob served in final weights of pigs which ranged from 45 . 0  to 39 . 9  lb . 
for th e pigs receiving the opaque- 2 corn or the 40% oats , 0 . 8% lys ine diets , 
respectively . Average daily gain ranged from 0 . 90 lb . per day for the pigs fed 
the corn-soy , 0 . 8% lysine diet to 0 . 7 1  lb . per day for the pigs fed the 40% 
oat s , 0 . 8% lys ine diet . The difference was nons ignificant . Pigs receiving the 
20 and 40% oats , 0 . 8% lys ine diets , diets 3 and 4 ,  had the poores t feed ef fi­
ciency of all treatments . Feed / gains , 2 . 74 and 2 . 6 7  for diets 3 and 4 ,  respec­
tively , were s igni ficant ly higher than the 2 . 0 2  feed/ gain of pigs that received 
the normal corn-soybean meal diet containing 0 . 9 5% lys ine . Pigs fed the 20% 
oats , 0 . 8% lys ine diet als o  consumed signi f icant ly more feed than pigs fed diets 
containing 0 . 9 5% lys ine composed of normal corn , corn and 20% oats or opaque- 2 
corn . 
It would appear that 0 . 8% dietary lysine was not adequat e to support 
op t imum feed efficiency . The four groups of pigs fed diets containing 0 . 9 5% 
lys ine required from 2 . 0 2  to 2 . 14 lb . of feed per lb . of gain , while pigs fed 
0 . 8% lys ine required an average of 2 3% more as feed/ gain ranged from 2 . 30 to 
2 . 74 .  
Summary 
Four hundred s even cros sbred pigs averaging 19 . 8  lb . were used in three 
trials to evaluate several s tarter diets for weanling pigs . 
The res ults o f  these trials indicat e that high protein oat s can replace 
up to 50% of the corn in s tarter diets without significant decreases in gains , 
although the feed required per pound of gain may be increased due to the 
lower energy in the oats diets . Opaque- 2 �d double mutant corn and high 
lys ine oats can decreas e the amount of supplemental protein needed because o f  
their higher lysine content . The lys ine needs of the 20 lb . pig appear to b e  
over 0 . 8% and between 0 . 85 an d  0 . 9 5 % . Waxy corn was equal t o  normal corn as 
an energy source for young pigs . 
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Tab le 1 .  Percentage Composition of Diets , Trial 1 (Percent) 
Diet 
1 2 3 4 5 6 7 8 
One-hal f 
Oats-soy Oats-soy oats 
Normal Lysine Energy one-half Doub le Waxy 
corn-soy equal to equal to Sub oats corn mutant corn 
Ingredients control Oats-soy d iet 1 diet 1 for corn soy corn soy soy 
Corn 74 . 5  -- -- -- -- 37 . 2  
Oats -- 90 . 7 86 . 6  4 3 . 0  74 . 5  3 7 . 2  
Double mutant corn -- -- -- -- -- -- 78 . 3  
Waxy corn -- -- -- -- -- -- -- 74 . 5  
Soybean meal , 48 . 5% 22 . 5  6 . 3  10 . 5  22 . 5  2 2 . 5  22 . 5  18 . 7  22 . 5  
Corn starch -- -- -- 25 . 2  
Corn oil -- -- -- 6 . 3  
TM salt 0 . 4 0 . 4 0 . 4  0 . 4 0 . 4 0 . 4  0 . 4 0 . 4  
Dicalcium 1 . 4  1 . 5  1 . 4 1 .  7 1 . 4 1 . 4  1 . 4  1 . 4  
Limes tone 0 . 7  0 . 6 0 . 6  0 . 4 0 . 7  0 . 7  0 . 7  0 . 7  
Premix a 0 . 5  0 . 5  0 . 5 0 . 5 0 . 5 0 . 5  0 . 5  0 . 5  
Calculated content , % 
Protein 1 8 . 0  18  . 1  1 9 . 8  1 8 . 0  23 . 3  20 . 7  16 . 5  1 8 . 0  
Lys ine 0 . 87 0 .  79 0 . 87 0 . 9 7  1 . 06 1 . 02  0 . 85 0 . 87 
a 
Supplied per lb . of diet : vitamin A ,  2000 IU ; vitamin D ,  200 I U ;  riboflavin , 1 . 875 mg ; 
pantothenic acid , 7 . 5  mg ; niacin , 15  mg ; choline , 75 mg ; vitamin B 12 , 1 1 . 2 5 mcg ;  aureomycin , 50 mg ; 
sulfamethaz ine , 50 mg and penicillin , 25  milligrams . 
� 
Table 2 .  Percentage Compos ition of Diets , Trial 2 (Percent ) 
Diet 
1 2 3 4 5 6 7 8 
Corn-soy 10% oats 20% oats Double Waxy corn 
+ 0 . 15% + 0 . 1 1 % + 0 . 07% 40% mutant 20% 40% + o. 15% 
Ingred ients lysine lys ine lys ine oats corn-soy oats oats lysine 
Corn 76 . 9 5 67 . 0  57 . 0  37 . 1  
Oats -- 1 0 . 0 20 . 0  40 . 0  -- 20 . 0  4 0 . 0  
Double mutant corn -- -- -- -- 77 . 1  5 7 . 1 37 . 1  
Waxy corn -- -- -- -- -- -- -- 7 6 . 95 
Soybean meal , 48 . 5% 20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  20 . 0  
.p.. TM salt 0 . 4 0 . 4 0 . 4 0 . 4 0 . 4 0 . 4  0 . 4  0 . 4  IJt \.;.) 
Dicalcium 1 . 4  1 . 4  1 . 4  1 . 4 1 . 4  1 . 4  1 . 4  1 . 4  
Limes tone 0 . 7  0 . 7  0 . 7  0 . 7  0 .  7 0 . 7  0 . 7  0 . 7  
Premixa 0 . 4  0 . 4 0 . 4 0 . 4 0 . 4 0 . 4  0 . 4 0 . 4  
L-lys ine 0 . 1 5 0 . 1 1  0 . 0 7  -- -- -- -- 0 . 1 5 
Calculated content , % 
Protein 1 7 . 2  1 7 . 7  1 8 . 4  1 9 . 8  1 7 . 0  1 7 . 8  1 9 . 8  1 7 . 2 
Lys ine 0 . 9 5  0 . 9 5  0 . 9 5  0 . 96  0 . 89 0 . 9 4  1 . 00 0 . 9 5  
-
a See tab le 1 .  
,_ 
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Table 3 .  Percentage Composition of Diets , Trial 3 (Percent) 
Ingredients 
Corn 
Oats 
Opaque-2 corn 
Corn s tarch 
Soybean meal , 48 . 5% 
TM salt 
Dicalcium 
Limes tone 
Premix8 
L-lysine 
Calculated content , % 
Protein 
Lysine 
-
a See tab le 1 .  
1 2 
Corn-soy-
s tarch 
+ 0 . 12% 
lysine Corn-soy 
60 . 48 77 . 1  
- - --
-- --
1 9 . 9  --
16 . 6  20 . 0  
0 . 4  0 . 4 
1 . 4  1 . 4 
0 . 7  0 . 7  
0 . 4 0 . 4 
0 . 12 --
1 3 . 9  1 7  . o  
0 . 79 0 . 80 
Diet 
3 4 5 6 
Corn-soy 20% oats 
20% 40% + o. 15% + 0 . 07 %  
oats oat s lysine lysine 
60 . 4  42 . 6  76 . 9 5  5 7 . 0 2  
20 . 0  40 . 0  -- 20 . 0  
-- -- -- --
-- - - -- --
1 6 . 7  14 . 5  20 . 0  20 . 0  
0 . 4 0 . 4 0 . 4 0 . 4 
1 . 4  1 . 4  1 . 4  1 . 4 
0 . 7  0 . 7  0 . 7 0 . 7  
0 . 4 0 . 4 0 . 4 0 . 4 
-- -- 0 . 1 5 0 . 07 
1 7 . 2  1 7 . 7  1 7 . 2  18 . 5  
0 .  79 0 . 8 1  0 . 95  0 . 9 5  
7 8 
40% O�aque-2 
oat s corn-soy 
37 . 1  
40 . 0  
-- 77 . 1  
-- -- 0\ 
20 . 0  20 . 0  
0 . 4  0 . 4  
1 . 4  1 . 4  
0 . 7  0 . 7  
0 . 4  0 . 4  
1 8 . 9  1 7 . 4  
0 . 9 6  0 . 9 5  
� 
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Tab le 4 .  Results of Feeding High Protein Grains to Young Pigs , Trial 1 
Numb er of pigs 
Avg . ini t .  wt . , lb . 
Avg . final wt . ,  lb . a 
Avg. daily gain , lb . b 
Avg . daily feed , lb . 
Avg . feed/gainc 
1 2 3 
Treatment 
4 5 6 
One-half 
Oats-soy Oats-soy oats 
7 8 
Normal Lysine Energy one-half Doub le Waxy 
corn-soy equal to equal to Sub oat s  corn mutant corn 
control Oats-soy diet 1 diet 1 for _corn soy corn-soy soy 
18  
1 9 . 6  
46 . 3  
0 . 9 5  
2 . 0 1  
2 . 22 
18  
1 9 . 6  
40 . 0  
o .  7 1  
2 . 03 
2 . 9 3 
18  18 
1 9 . 6  1 9 . 8  
39 . 5  4 5 . 9  
0 .  7 1  0 . 9 3  
1 . 8 1  2 . 2 3 
2 . 73 2 . 46 
18  
1 9 . 6  
45 . 4  
0 . 9 3  
2 . 1 2 
2 . 34 
18  
1 9 . 8  
46 . 7  
0 . 9 7  
1 . 92  
2 . 04 
18  
1 9 . 6  
49 . 2  
1 . 06 
2 . 1 6 
2 . 08 
18  
1 9 . 6  
4 7 . 2  
0 . 9 9  
1 . 9 2 
1 . 99 
a Treatments 1 ,  4 ,  5 ,  6 ,  7 and 8 significantly greater than 2 and 3 (P< . 0 5) . Treatment 7 
significantly greater than 4 and 5 (P< . 05 ) . 
bTreatment s 2 and 3 significantly less than 1 ,  4 ,  5 ,  6 ,  7 and 8 (P< . 05) . 
cTreatment 8 significantly less than 2 or 3 (P< . 05 ) . Treatments 1 ,  6 and 7 signi ficantly less 
than 2 (P< . 05 ) . 
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Tab le 5 .  Results o f  Feeding H igh Protein Grains and Lys ine Supplementat ion 
in Starter Diet s , Trial 2 
Number of pigs a 
Avg . init . wt . ,  lb . 
Avg . final wt . ,  lb . 
Avg . daily gain , lb . 
Avg . daily feed , lb . 
Avg . feed/gainb 
1 2 3 
Treatment 
4 5 6 7 8 
Corn-soy 10% oats 20% oats Double Waxy corn 
+ 0 . 15% + 0 . 1 1% + 0 . 0 7% 40% mutant 20% 40% + 0 . 15% 
lys ine .lysine lys ine_n _ _  _____Q_ats _ COI'll-soy _ _ __ o_a.t s  _ __ __ _ Q_at s  lys ine 
18 18  18 18 18  1 7  18  18  
1 9 . 8 1 9 . 8  20 . 1  20 . l  20 . l  20 . 1  20 . 1  20 . 1  
40 . 1  40 . 8  40 . 6  4 1 . 9 43 . 2  4 1 .  7 40 . 6  4 1 . 9  
0 . 73 0 . 75 0 . 75 0 . 7 9  0 . 84 0 . 7 7 o .  77 0 . 7 7 
1 . 65 1 . 68 1 . 85 1 .  74 1 .  72 1 .  72 2 . 1 6 1 . 90 
2 . 18 2 . 26 2 . 5 3  2 . 29 2 . 08 2 . 2 1 3 . 05 2 . 38 
a 
b
One pig died , data not included . 
Treatment 7 significantly poorer than 5 (P< . 0 5 ) . 
00 
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Table 6 .  Results o f  Feeding High Protein Grains and Lysine Supplementation 
in S tarter Diet s , Trial 3 
1 2 3 
Corn-soy-
Treatment 
4 5 6 
s tarch Corn-soy 20% oats 
7 8 
+ 0 . 12% 20% 40% + 0 . 15% + 0 . 07% 40% Opaque-2 
lys ine Corn-soy oats oats lysine lysine oats corn-soy 
Number of pigs 1 5  1 5  1 5  1 5  1 5  1 5  1 5  1 5  
Avg .  init .  wt . ,  lb . 20 . 1  20 . l  20 . 1  2 0 . l  2 0 . 3  19 . 8 20 . 1  20 . 1  
Avg . final wt . ,  lb . 42 . 1  4 5 . 2  43 . 4  39 . 9  4 3 . 0  44 . 1  4 3 . 3  45 . 0  
Avg .  daily gain , lb . 0 . 79 0 . 90 0 . 84 o .  7 1  0 . 82 0 . 86 0 . 86 0 . 88 a 2 . 0 1  2 . 0 5  2 . 27 1 . 87 1 . 63 1 .  79 1 . 87 1 . 83 Avg .  daily feed,  lb . 
Avg . feed/gainb 2 . 58 2 . 30 2 . 74 2 . 67 2 . 02 2 . 08 2 . 14 2 . 0 8 
a 
bTreatment 3 significantly higher than treatments 5 ,  6 or 8 (P< . 05 ) . Treatments 3 and 4 significant ly poorer than 5 (P < . 05 ) . 
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Protein Levels in Diets of Sows During 
Ges tat ion and Lactat ion 
George W .  Libal and Richard C .  Wahls trom 
Research conducted during the pas t several years has shown that dietary 
protein could be reduced in ges tation diets without affecting number or size 
of pigs farrowed . A limited amount of research has also indicat ed that the 
protein requirement during lactation may not be as great as previously 
recommended . However , data are limi ted on the long time effects during suc­
ces sive reproductive periods , particularly when low protein diets are fed 
during both the ges tat ion and lactation periods . 
The North Central Swine Nutri tion Research Commit tee agreed that this was 
an area where more information was needed and a cooperat ive proj ect was 
initiated to s tudy the effect o f  level of protein in ges tat ion and lac tation 
diets over success ive reproductive periods . The results reported herein are 
from a s tudy at the South Dakota Agricultural Experiment Stat ion . These 
results will be combined with those from other s tates for an overall analysis 
of the data.  
Experimental Procedure 
Forty gilts and sows were allot ted on the basis of parity , weight and 
ances try into two treatment groups prior to b reeding . However , data were 
ob tained on only the 32 sows that farrowed . The two ges tat ion treatment s were 
diets containing 9 or 15% protein . Feeding level was 4 . 4 lb . per animal per 
day while they were in the ges tat ion lot . At 1 1 0 days the sows were removed 
to the farrowing hous e and half of the animals in each ges tat ion treatment 
were given lactat ion diets of 12 or 16% prot ein . They were fed 5 lb . per day 
of the lactation diets until farrowing and then were full fed for a 2 1-day 
lactat ion perio d .  The four treatments were as follows : 
Ges tation protein , % Lactat ion protein , % 
Treatment 1 9 12  
Treatment 2 9 1 6  
Treatment 3 1 5  12  
Treatment 4 15  1 6  
During ges tation sows were housed in col ony type wooden houses with wood 
floors bedded wi th s traw during the winter months . Thos e houses were placed 
in dirt lots and sows were hand-fed _ in individual feeding s talls . Farrowing 
was in individual farrowing crates and s imilar condi tions of management were 
imposed on all animals . After weaning the first litter , sows were rebred and 
returned to the same ges tation treatment that they had been on in the firs t 
ges tation period . Feeding and management were as des cribed previously . 
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The composition o f  the ges tat ion and lactation diets is shown in 
table 1 .  
Results 
Table 2 shows the data by ges tation and lactat ion treatments separately , 
whi le tab le 3 presents the results by groups o f  combined ges tat ion and lacta­
t ion treatments .  
Signi ficantly more pigs were weaned per litter from sows fed the 1 5% 
protein ges tat ion diet compared to the 9% protein die t . Although there was 
little dif ference in pig weaning weigh ts , the difference in number of pigs 
weaned resulted in a s ignif icant difference in li t ter weaning weights . There 
were no signif icant differences due to lactation treatments . 
The numb er of pigs weaned by ges tat ion-lactation t reatment would appear 
to be less for sows fed the 9% ges tation , 12% lactation diets than for sows 
fed the 9 and 16% diets . However , the number o f  pigs born alive was greater 
in the 9-16%  group , whi ch one can only at tribute to chance through allotment 
of the sows fed the 9% ges tation diet . There fore , this larger number farrowed 
would lead to a greater number weaned . 
There was a greater ges tation gain during the firs t ges tat ion period than 
during the second ( tab le 4 ) . This may have been due to two factors . One , the 
firs t ges tation period was from about August 1 to December 1 ,  while the second 
ges tation period was from late January until May . Sows ges tating during the 
colder weather would have required mcire feed for body heat . Also , the sows 
were larger having a greater maintenance requirement . 
A greater number of live pigs and s tillborn pigs were farrowed in the 
second farrowing . The larger l i tter size could be due to older sows and also 
the firs t b reeding took place in the hotter t ime of the year which has been 
shown to decrease li t ter size . Increased pig and lit ter weaning weigh ts of 
the second farrowing may indicate more milk was being produced during this 
lactat ion period than the previous one . 
Summary 
Thirty-two sows were used in an experiment to study the e ffect of dietary 
protein level during ges tation and lactat ion . A total of 58 farrowings 
occurred . Sows fed ges tation diets containing 15% protein weaned more p igs 
and li tters of more total weigh t than sows fed 9% protein during gestation . 
There were no s ignificant di ff erences in p�rformance of sows fed 12  or 16% 
protein diets during lact at ion . 
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Tab le 1 .  Compos it ion o f  Diets (Percent)  
Protein levels , i. 
9 15  12 
Ground yellow corn 9 4 . 65 79 . 90 80 . 30 
S oybean meal , 4 8% 1 . 50 1 6 . 50 8 . 60 
Ground beet pulp 7 . 50 
Dicalcium phosphate 2 . 35 2 . 00 2 . 00 
Ground limes tone 0 . 75 0 . 85 0 . 85 
Trace mineral s alt 0 . 55 0 . 55 0 . 55 
Vitamin premixa 0 . 20 0 . 20 0 . 20 
1 6  
70 . 20 
18 . 70 
7 . 50 
2 . 00 
0 . 85 
0 . 55 
0 . 20 
a Provided per lb . o f  diet : vitamin A ,  1500 IU ; vitamin D ,  150 IU ; 
vitamin E ,  5 IU;  riboflavin , 1 . 25 mg ; pantothenic acid , 5 mg ; niacin , 8 mg ; 
choline , 350 mg and vitamin s 1 2 , 5 micrograms . 
Tab le 2 .  E ffect o f  Dietary Protein Level During Ges tation 
or Lactation on Reproductive Performance 
for Two Successive Litters 
Protein levels 2 % 
Ges tat ion Lactat ion 
9 15  12  16  
Number sows farrowing 1 1  15  1 3  1 3  
2 litters 
Number sows farrowing 3 3 2 4 
1 lit ter 
Avg . initial wt . , lb . 4 1 7  378 4 10 386 
Avg . ges tation gain , lb . 70 80 79 7 1  
Avg . lactation gain , lb . 1 8  20 17 2 1  
Numb er pigs born alive 9 . 5 10 . 4  8 . 9 1 1 . 0 
Number pigs weaned , 2 1  days a 6 . 0 8 . 3  6 . 7  7 . 6  
Avg . pig birth wt . ,  lb . 3 . 1 3 . 1  3 . 3  3 . 0  
Avg . pig 2 1-day wt. , lb . 1 1 . 0  1 1 . 2  1 1 . 4  10 . 9  
Avg . litter birth wt . , lb . 2 8 . 5  32 . 0  28 . 8  3 1 . 7 a 65 . 6  9 1 . 9  75 . 0  82 . 5  Avg . li tter 2 1-day wt . ,  lb . 
a S igni ficant dif ference due to ges tation treatment (P< . 0 1 ) . 
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Table 3 .  E ffect o f  Dietary Protein Level During Ges tat ion 
and Lactat ion on Reproductive Performance 
Protein levels (ges tation-lact at ion) , % 
Number sows farrowed 
Avg .  ges tation gain , lb . 
Avg . lactation gain , lb . 
Numb er pigs born alive 
Number pigs weaned , 2 1  days 
Avg . p ig birth wt . ,  lb . 
Avg . pig 2 1-day wt . , lb . 
Avg . li t ter birth wt . , lb . 
Avg . lit ter 2 1-day wt . ,  lb . 
9 - 1 2  1 5 - 1 2  9- 1 6  15- 1 6  
1 2  
74 
18 
7 . 9 
5 . 1  
3 . 4  
1 1 . 6  
2 6 . 1  
6 1 . 1  
1 6  
84 
1 5  
9 . 9 
8 . 3  
3 . 2  
1 1 . 1  
3 1 . 5  
88 . 9  
1 3  
6 7  
1 8  
1 1 . 0  
7 . 0  
3 . 0  
1 0  . 4  
30 . 9  
70 . 2  
1 7  
7 6  
2 5  
1 1 . 0 
8 . 2  
3 . 0  
1 1 . 3  
32 . 5  
94 . 8  
Tab le 4 .  Comparison of Per formance o f  Sows Farrowing 
Firs t and Second Time on Prot ein Level Experiment 
Number of sows a Avg . initial wt . , lb . a Avg . ges tation gain , lb . 
Avg . lactation gain , lb . 
Numb er pigs born aliveb 
Number s tillbornb 
Number pigs weaned , 2 1  days 
Avg . pig birth wt . , lb . a Avg .  pig 2 1-day wt . , lb . 
Avg . litter b irth wt . ,  lb . a a Avg . lit ter 2 1-day wt . ,  lb . 
a 
bS ignificant diff erence (P< . 0 1 ) . Significant difference (P< . 05 ) . 
51 
First litter 
32 
398 
9 1  
1 5  
8 . 9  
0 . 47 
6 . 4 
3 . 0  
10 . 3  
25 . 3  
64 . 0  
Second litter 
2 6  
454 
59  
2 3  
1 1 . 0  
1 . 1 3 
7 . 9 
3 . 3  
1 1 . 9  
35 . 1  
9 3 . 4  
South Dakota S tate Universi ty 
Brookings , South Dakota 
Department of Animal S cience 
Agricultural Experiment S tation 
A . S .  Series 75-60 
Normal Dent , Opaque-2 , Doub le Mutant and Waxy Corn 
for Early Weaned Pigs 
Richard c. Wahls trom and George W .  Lib al 
Research has shown that pigs can be weaned at an early age and fed 
simplified diets bas ed on corn and soybean meal . Corn is considered one of 
the mos t palatab le energy sources availab le .  Opaque-2 and double mutant corn 
are higher in lys ine and tryptophan than normal dent corn and this added value 
depends on the content of thes e amino acids . Waxy corn has been reported to 
improve performance in some t rials and have no effect in others . 
The purpose of this experiment was to evaluate normal dent , opaque- 2 ,  
doub le mutant and waxy corn when fed in com-soybean meal diets for early 
weaned pigs . 
Experimental Procedure 
One hundred ninety-two pigs averaging 22 . 6  lb . were divided into three 
groups of 48 pigs each . Pigs in each replicate were allotted to six groups 
of 8 pigs per lot on the b asis of weigh t and ances try and randomly assigned 
to the following treatments :  
1 .  Normal dent corn-soybean meal diet , 1 8% protein 
2 .  Opaque-2 com-soyb ean meal diet , 18% protein 
3 .  Doub le mutant com-soyb ean meal diet , 1 8% protein 
4 .  Doub le mut ant com-soyb ean meal diet , 1 6% protein 
5 .  Waxy com-soyb ean meal diet , 18% protein 
6 .  Waxy com-soybean meal diet , 1 6 %  protein 
The composition of the rations is shown in tab le 1 .  Diets were fed ad 
lib itum . Pigs were housed in concre te floored pens approximately 8 feet by 
8 feet in an enclosed building . The experiment was conduct ed for 2 1  days and 
terminated because of a shortage of corn . 
Results 
Tab le 2 summarizes the growth performance of the pigs . Treatment means 
for average daily gain ranged from 0 . 9 6  lb . for pigs fed the waxy corn in a 
1 6 %  protein diet to 1 . 1 3 lb . for pi gs fed the opaque-2 corn die t . These 
differences were not s tatis tically s igni ficant , although the pigs fed the 16% 
prot ein , waxy corn diet gained 1 3% slower than the average of the other t reat­
ments ( 1 . 09 lb . per day) . 
Daily feed consumption was s imilar among all groups . Feed : gain rat ios 
were very good for all groups . Pigs fed the lower protein waxy corn diet were 
the only group to require over 2 lb . of feed per lb . of gain . The feed 
efficiency of this t reatment group was 2 . 13 and it was significantly greater 
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than the feed efficiencies o f  pigs fed the normal or opaque-2 corn . Pigs fed 
thes e die ts required 1 . 90 and 1 . 89 lb . of feed per uni t  of gain . 
It would appear that the 1 6 %  protein , waxy corn diet was deficient in 
lys ine as these pigs gained more s lowly and required more feed per unit of 
gain . Best performance in both rate and efficiency of gain was ob tained by 
pigs fed the o�aque-2 corn diet . However , the performance of these pigs was 
not significantly better than thos e pigs fed normal dent , double mutant or 
waxy corn at equal levels of protein . Als o ,  the pigs fed double mutant corn 
in a 16% protein diet performed as well as thos e fed the 18%  protein diets 
indicating that adequate lys ine apparently was present in the diet . 
Summary 
A tot al of 1 9 2  young weaned pigs averaging 22 . 6  lb . were used in a 3-week 
experiment to evaluate normal dent , opaque- 2 ,  doub le mutant and waxy corn . 
There were no s ignificant differences in rate of gain or feed e ff iciency among 
the t reatments when the respective corns were fed in an 18% pro tein diet . 
Feeding a 1 6% protein diet containing waxy corn resulted in slower gains and 
significantly more feed per lb . of gain . 
Tab le 1 .  Composition of Diets (Percent) 
Type of Normal Double Double corn dent 02a9ue-2 mutant mutant Waxy Waxy 
Percent dietary 2rotein 1 8  1 8  1 8  1 6  1 8  1 6  
Normal dent corn 7 3 . 0  
02a9ue-2 corn 73 . 0  
Doub le mutant corn 7 3 . 0  78 . 0  
Waxy corn 7 3 . 0  78 . 0  
Soybean meal , 48% 24 . 2  24 . 2  24 . 2  1 9 . 2  24 . 2  1 9  . 2  a 0 . 4 0 . 4 0 . 4 0 . 4  0 . 4 0 . 4  Trace mineral salt 
Dicalcium phosphate 1 . 4 1 . 4  1 . 4  1 . 4  1 . 4 1 . 4  
Ground limes tone b 0 . 7  0 . 7  0 . 7  0 . 7 0 . 7  0 . 7  Vitamin-antibiotic premix 0 . 3  0 . 3  0 . 3  0 . 3  0 . 3 0 . 3  
:contained 0 . 8% z inc . 
Supplied per lb . o f  diet : vitamin A ,  1 800 IU ; vitamin D ,  1 80 IU ; 
riboflavin , 1 . 5  mg ; pantothenic acid , 6 mg ; niacin , 12  mg ;  choline , 60 mg ; 
vitamin B 1 2 , 9 . 0 mcg ; aureomy cin , 50 mg ; penicil lin , 25 mg and sul fame thazine , 50 milligrams . 
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Tab le 2 .  Results of Different Types of Corn in Starter Diets 
Type of Normal Double Double corn dent 02ague- 2  mutant mutant Waxy Waxy 
Percent dietary ;erotein 1 8  1 8  1 8  1 6  1 8  1 6  
Number o f  pigs a 24 2 4  24 24 24 24 
Avg . ini tial wt . , lb . 2 2 . 6  22 . 6  22 . 6  22 . 6  22 . 6  22 . 6  
Avg . final wt . , lb . 45 . 2  46 . 3  44 . 9  45 . 5  4 5 . 3  4 2 . 7  
Avg . daily gain , lb . 1 . 0 8  1 . 1 3 1 . 0 6  1 . 0 9  1 . 08 0 . 9 6  
Daily feed consumed , lb . 2 . 0 6  2 . 1 3  2 . 09 2 . 14 2 . 1 1 2 . 05  
Feed/ gain l . 90b l . 89b 1 . 9 7  1 . 9 6  1 . 9 5  2 . 1 3 
a 
b
Three repli cated lots of 8 pigs each per treatment . 
Significantly less than waxy corn , 1 6% p rotein .  
South Dakota S tate University 
Brookings , South Dakota 
Department o f  Animal S c ience 
Agricultural Experiment Stat ion 
A . S .  Series 75-6 1 
Effect of Supp lemental Iron in Pig S tarter Diets 
Richard C. Wahlstrom , George W. Libal , 
Steven L .  Robb ins and James L .  Girard 
Iron is a necessary mineral element for the pig . A lack of iron in the 
diet results in a lowered level of hemoglobin in the b lood and anemia develops . 
This prob lem is noted more in young nurs ing pigs because the saw ' s  milk does 
not supp ly suf f icient iron to meet the needs of the rapidly growing pig . I t  
is generally assumed that once the p i g  s tarts t o  eat a dry feed diet they 
receive enough iron from the ingred ients in the diet . 
Iron is added to mos t  trace mineral salts and trace mineral mixtures at 
low levels . However , it has been reported by some swine producers that they 
ob tain better per formance of pigs when fed a relatively high level of iron . 
Therefore , the obj ective of this experiment was to determine if there was any 
benefit of adding iron at levels up to 250 ppm on pig growth , feed efficiency 
or blood parameters . 
Experimental Procedure 
Two trials were conducted . In each trial , 72 crossbred pigs approximately 
4 weeks old and weighing 1 8 . 9  lb . were allotted 6 pigs per pen to 4 treatments 
replicated three t imes . The pigs were housed in 8 by 8 fee t , concrete floored 
pens in a conf inement house . Feed and water were provided ad lib itum .  
The composition of  the basal die t  i s  shown in tab le 1 .  Iron sulfate was 
added to this die t  to provide O ,  62 . 5 ,  125  and 250 ppm of iron for treatment s  
1 ,  2 ,  3 and 4 ,  respectively . The experiment was conduct ed for 4 weeks . 
Results 
The results of  the two trials were comb ined and are shown in table 2 .  
There were no signif icant differences among the treatment groups in rate of  
gain , feed/ gain or any of  the b lood parameters . 
Pigs fed the iron supplemented diets gained slightly fas ter than those 
pigs fed the control die t .  Average daily gain of pigs fed 125 ppm of supple­
mental iron was 0 . 89 lb . and those pigs fed 62 . 5  or 250 ppm gained 0 . 85 lb . 
while the control pigs gained 0 . 7 9 lb . daily . 
The s lightly fas ter rate of  gain o f  pigs fed diets supplemented with iron 
was associated with higher daily feed consumption . Daily feed consumpt ion was 
1 . 70 ,  1 . 87 ,  1 . 88 and 1 . 87 lb . of diets containing 0 ,  62 . 5 , 125  and 250 ppm of 
supplemental iron . Feed efficiency was similar among groups . 
5 5  
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It would appear that the control diet which contained 13 ppm of iron from 
the trace mineral salt was adequate for b lood formation as these pigs had 
hematocrits , hemoglob in and red cell numbe rs essentially equal to those of 
pigs fed the supplemented diets . White blood cells were slightly higher in 
pigs fed the control diet but were not s igni f icant ly different from those for 
the other treatment groups . 
Summary 
One hundred forty-four pigs averaging about 1 9  lb . initially were used to 
s tudy the ef fect of supplementing s tarter die ts wi th 0 ,  62 . 5 ,  125 or 250 ppm 
of iron . 
There were no signi ficant effects on rate of gain , feed consumption , 
feed/ gain , percent hematocrit , level of hemoglobin or wh ite and red blood cell 
numbers . 
Tab le 1 .  Composition of Basal Diet 
Ingredient s Percent 
Ground yellow corn 
Soybean meal , 48% 
Trace mineralized salta 
Dicalc ium phosphat e 
Ground limes tone b Vitamin-ant ib iotic premix 
73 . 0  
24 . 2  
0 . 4  
1 . 4  
0 . 7  
0 . 3  
a Provided 32 ppm of zinc and 13 ppm of 
iron in addition to NaCl , manganese , copper , 
cobalt and iodine . 
b supplied per lb . of diet : vitamin A ,  
1800 I U ;  vitamin D ,  1 8 0  IU ; vitamin E ,  3 IU ; 
riboflavin , 1 . 5  mg ; pantothenic acid , 6 mg ; 
niacin , 12 mg ; choline , 60 mg ;  vi tamin B 1 2 , 
9 mcg ;  aureomycin , 50 mg ; penicillin , 25 mg 
and sulfame thaz ine , 25 mi lligrams . 
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Tab le 2 .  Ef fect of Supplemental Iron in Pig Starter Diets 
Number of pigs 
Avg . ini t ial wt . , lb . 
Avg .  final wt . , lb . 
Avg .  daily gain , lb • 
Avg .  daily feed consumed , lb . 
Feed / gain 
Avg . b lood hematocrit , %
a 
Avg .  b lood hemoglob in , g % 
Avg . white b lo�d cells , 
thousand /mm 
Avg .  red b loo3 cells , 
million/mm 
Supplemental iron , ppm 
0 62 . 5  125 250 
36 36 36 36 
1 8 . 9  1 8 . 9  1 8 . 9  1 8 . 8  
4 1 . 1  42 . 6  43 . 7  42 . 5  
0 . 79 0 . 85 0 . 89 0 . 85 
1 .  70  1 . 87 1 . 88 1 . 87 
2 . 16 2 . 2 1  2 . 14 2 . 22 
36 . 28 35 . 94 36 . 3 1 36 . 78 
12  . 1 1 1 1 . 82 12 . 1 1 12 . 1 8 
15 . 20 13 . 54 1 3  . 4 2 13 . 23 
7 . 19 7 . 2 3 7 . 04 7 . 2 8  
aAll b lood data are values a t  the end o f  the experiment . 
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E ffect of Various Levels o f  B lood Meal in Swine Diets 
Richard C .  Wahls trom , Alan Vogel and George W .  Libal 
In a previous experiment reported in A . S . Series 7 5-50 it was shown that 
feeding diets containing up to 4% of ring dried b lood meal did not signifi­
cantly affect rate of gain , feed consumpt ion or feed /gain . The level o f  4% 
b lood meal replaced about 6 . 6% of soybean meal in the diets . ' The economics of 
this sub s ti tution would depend on the relative prices of blood meal and soy­
bean meal at a given time . 
This experiment was conducted to ob tain addi tional data on the value of 
ring dried b lood meal in growing-finishing diets for swine and also to s tudy 
levels o f  4 ,  6 and 8% b lood meal in the diet when added to replace an equiva­
lent amount of protein supplied by soybean meal . 
Experimental Procedure 
Three rep licate groups of 32 crossbred pigs averaging about 56 lb . were 
assigned to four subgroups of 8 p igs ( 4  barrows and 4 gilts) on the bas is of 
weight , ances try and sex within rep licate . Each subgroup of 8 pigs was then 
randomly ass igned to dietary treatment . Pigs were kept in part ial or fully 
slatted floored pens , 5 feet by 15 feet , in an enclosed build ing . Diets were 
self- fed and pens were equipped with automat ic waterers . 
The composition of the experimental diets is shown in tables 1 and 2 .  
Diets were changed t o  a lower protein level when the pigs averaged about 
120 pounds . The four dietary treatments were as follows : 
1 .  Com-soyb ean meal diet 
2 .  Four percent b lood meal in diet 
3 .  S ix percent b lood meal in diet 
4 .  E ight percent b lood meal in diet 
Results 
As shown in tab le 3, the daily gain was reduced during the growing period 
when pigs were fed diets containing 8% b lood meal . These pigs gained 1 . 20 lb . 
daily compared to gains of 1 . 5 1 ,  1 . 53 and 1 . 54 for the other three treatment 
groups . Average daily feed consumption was also about 10% less for pigs fed 
the 8% b lood meal diet and feed/ gain was increased approximately 1 6% . 
There were no significant diff erences among treatments during the 
finishing period when a 12% protein diet was fed . Only 5 . 5 %  b lood meal was 
added to diets 3 and 4 during this period as that was the amount necessary of 
the high protein blood meal to formulate diets containing 12% protein . These 
two diets did not contain any soybean meal , but die t  4 was supplemented with 
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0 . 15% lysine . Actually , the b lood meal analyzed over 80% prot ein on an as fed 
basis so the b lood meal die ts would have contained slightly more protein than 
calculated . There was no benefit of adding lysine to diet 4 .  
For the overall experimental period pigs fed the 8% b lood meal diet 
gained abou t  0 . 2  lb . per day less than p i gs in the other groups and required 
s lightly more feed/gain .  Pigs fed diets containing 4 %  or 6% b lood meal gained 
1 . 56 and 1 . 53 lb . per day , respectively , and required 2 . 98 and 2 . 96 lb . of 
feed/ gain whi ch was comparable to the 1 . 5 1 lb . daily gain and 3 . 08 feed /gain 
of pigs fed the corn-soyb ean meal control diet . 
The reason for the poorer performance o f  pigs fed 8% b lood meal during the 
growing period may have been due to a def iciency of isoleucine . Blood meal is 
low in this essential amino acid and by our analysis the diet contained 0 . 44% 
isoleucine . The National Research Council lis ts a requirement of 0 . 50% for 
pigs of this s ize . The possib ility of a lysine shortage cannot definitely be 
ruled out . However , since there was no response to adding lys ine to diet 4 
during the f inishing period and on the basis of performance of p igs f ed diet 3 
during this period , it would appear that the lysine in b lood meal would have 
had to be at leas t 60% availab le .  I f  one assumes at least 60% availability , 
a lys ine shortage should not have exis ted in the growing period . 
Summary 
Ninety-six crossb red pigs were used in an experiment comparing diets 
containing 4 ,  6 or 8% ring dried b lood meal fed to pigs from 56 lb . to market 
weight . Diets of 4 and 6% b lood meal were equal to a corn-soybean meal diet 
as there were no significant differences in gain or feed /gain among these 
three treatments . Pigs fed diets of 8% b lood meal gained s ignificantly s lower 
and required more feed during the growing period . There were no differences 
in performance when 0 . 1 5 %  supplemental lys ine was added to diet 4 during the 
finishing period . Both die ts 3 and 4 contained 5 . 5% blood meal whi ch was the 
only supp lemental source of protein in these diets . 
Tab le 1 .  Composition of 15% Protein Diets Fed to 120 Pounds 
Diet number 1 2 3 
B lood meal % 0 4 6 
Ground yellow corn 79 . 45 82 . 25 8 3 . 5 5  
Soybean meal , 44% 1 7 . 90 1 1 . 10 7 . 70 
B lood meal 4 . 00 6 . 00 
Dicalc ium phosphate 1 . 20 1 . 30 1 . 40 
Ground limes tone 0 . 80 0 . 70 0 . 70 
Trace mineral salt 0 . 50 0 . 50 0 . 50 
Premixa 0 . 15 0 . 15 0 . 1 5 
a Supplied per lb . of  diet : vitamin A ,  1500 IU ; vitamin D ,  150  IU ; 
4 
8 
84 . 95 
4 . 30 
8 . 00 
1 . 40 
0 . 70 
0 . 5 0  
0 . 15 
vitamin E ,  5 IU ; rib oflavin , 1 . 25 mg ; pantothenic acid , 5 mg ;  niacin , 1 0  mg ; 
choline , 50 mg ;  vitamin B 1 2 , 5 mcg and tylosin , 8 milligrams . 
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Tab le 2 .  Composition of 12% Protein Diets Fed From 120 to 2 1 0  Pounds 
Diet numb er 1 2 3 
Blood meal % 0 4 6 
Ground yellow corn 87 . 9 5 90 . 75 9 1 . 6 5 
Soyb ean meal , 44% 9 .  30 2 . 50 
Blood meal 4 . 00 5 . 50 
Dicalcium phosphate l .  30 1 . 40 1 . 50 
Ground limestone 0 . 80 0 . 70 0 . 70 
Trace mineral salt 0 . 50 0 . 50 0 . 50 
L-lysine 
Premixa 0 . 1 5 0 . 1 5 0 . 15 
a See footnote tab le 1 .  
Tab le 3 .  Performance o f  Pigs Fed Various Levels of Blood 
Level o f  
0 4 
Number o f  pigs a 24 24 
Avg . ini tial wt . ,  lb . 55 . 7  55 . 7  
Avg . final wt . , lb . b 2 1 2 . 4  2 1 7 . 8  
Avg . dailI gain 2 lb . 
55 to 120 lb . c  1 . 5 1  1 . 54 
120 to 2 10 lb . b l .  5 1  1 . 5 9  
55 to  2 10 lb . b 1 . 5 1  1 . 56 
Avg . feed consumed/ dai z  lb . 
55 to  120 lb . c 4 . 29 4 . 26 
120 to 210 lb . c 4 . 9 8  5 . 0 1  
5 5  to 2 10 lb . c 4 . 66 4 . 6 6  
Feed/gain 
55 to 120 lb . 2 . 83 2 . 76 
120 to 2 10 lb . 3 . 29 3 . 16 
55 to  2 10 lb . 3 . 0 8 2 . 98 
a 
b
Three rep licates of 8 pigs each per treatment . 
Signif icant sex difference {P < . 05) . 
cSignificant treatment di fference (P< . 05 ) . 
blood meal 1 % 
6 
2 4  
55 . 8  
2 1 4 . 0  
l .  53 
1 . 52 
1 . 53 
4 . 1 7 
4 . 82 
4 . 52 
2 . 73 
3 . 1 7  
2 . 96 
4 
8 
9 1 . 50 
5 . 50 
1 . 50 
o .  70 
0 . 50 
0 . 1 5 
0 . 15 
·----
Meal 
8 
24 
55 . 8  
1 96 .o 
l . 20 
1 . 42 
1 . 32 
3 . 82 
4 . 50 
4 . 1 8 
3 . 2 3 
3 . 20 
3 . 2 1 
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A Century of Progress in Swine Feeding 
Richard C .  Wahlstrom and George W. Lib al 
A . S . Series 75-63 
During the firs t  100 years of this country ' s  his tory , the diet of  pigs 
consis ted of whatever was availab le for them to eat in the particular area 
where they were being produced . Experiments were firs t conducted in the area 
of swine feed ing during the early 1 900 ' s .  S ince that t ime , thousands of  experi­
ments have been conducted to determine the nutritional requirements of  the pig 
and the feeding value of  literally hundreds of feed ingredients . Rate of gain 
and feed e fficiency have both been improved ab out 50% during the pas t 50 years . 
The feeding trial reported here was conducted to demons trate the improve­
ment in performance of pigs fed diets s imilar to those fed in 1 900 , 1 9 30 and 
1975 . 
Experimental Procedure 
Fi fteen crossb red weanling pigs cons isting of five trios of littermates 
were utilized in this experiment . One pig from each trio was ass igned to each 
treatment group . Group 1 animals received a com-mineral diet designated as a 
1900 diet , group 2 was fed a corn- tankage-s al t die t called a 1 9 30 diet and 
group 3 received a com-soyb ean meal diet supplemented with minerals , vi tamins 
and an ant ib iotic , a 1 9 7 5  diet . The composition of the diets is shown in 
table 1 .  
The pigs averaged approximately 6 1  lb . initially . They were housed in 
uninsulated , wooden houses placed on concrete and had access to an outside 
12 x 16 foot concrete pen where self- feeders and waterers were placed . The 
data reported here were for a 84-day feeding period . 
Results 
Average daily gain , feed consumption and feed/ gain data are summarized 
for the 84-day period and shown in tab le 2 .  Average daily gains of 0 . 75 ,  1 . 38 
and 1 . 70 lb . per day for pigs fed the 1 900 , 1 9 30 and 1975 die ts , respect ively , 
indicate a real nutritional difference exists between these diets . It can be 
assumed that the differences in gains may pave been even greater had the pigs 
been s tarted at a ligh ter weigh t . Pigs fed the all com-mineral , 1 900 diet 
gained rather uniformly during the 84-day period , while pigs fed the modern 
day die t  continued to increase in average daily gain as they grew . These pigs 
were ess entially at market weight ( 204 lb . )  and were j us t  s ligh tly over 5 months 
old . Their littermates fed the 1 900 die t  weighed only 1 23 lb . and , if they 
should cont inue to gain at their present rat e ,  would be approximat ely 9 months 
old when they reach a comparable weigh t . 
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Feed efficiency also shows a marked difference between the 1 900 diet and 
the other diets . I t  required 5 . 37 lb . of feed /gain for pigs fed the corn­
mineral diet and only 3 . 6 1  or 3 . 62 lb . of feed/ gain for pigs fed the 1 9 30 or 
1 9 75 diets . It  should be indicated that the 1 9 75 diet was somewhat lower in 
protein than we would recommend during the beginning o f  the period and this 
may be a reason for the poorer feed efficiency of these pigs than normally 
ob tained on pigs fed corn-soyb ean supp lemented diets .  
Summary 
Five trios of li ttermate pigs were fed diets of corn-minerals ( 1 900) , 
corn-tankage-salt ( 1 9 30 )  and com-soybean meal-minerals-vitamins-anitb iotic 
( 19 75 )  for 84 days . Average daily gains were 0 . 75 , 1 . 38 and 1 . 70 ,  and 
feed/gains were 5 . 37 ,  3 . 6 1  and 3 . 6 2  for the pigs fed 1900 , 1 930 and 1975  
diets , respectively . The data clearly demons trate the improvement in per­
formance through nutritional changes during this century . 
Tab le 1 .  
Ingredients 
Ground yellow corn 
Tankage , 50% 
Soyb ean meal , 44% 
Dicalcium phosphate 
Ground limes tone 
Trace mineral salt 
White salt 
Premixd 
a Compos i t ion of Diets (Percent ) 
1 900 
9 7  . o  
2 . 0 
0 . 5 
0 . 5  
A 
87 . 0  
12 . 5  
1 9 30 
B 
92 . 0  
7 . 5  
1 9 7 5  
A B 
8 1 . 9  87 . 5  
1 5 . 0  9 . 3 
1 . 2  1 .  3 
0 . 9 0 . 9 
0 . 5 c 0 . 5c 
0 . 5  0 . 5  
aDiets A were fed to 1 20 lb . and diets B from 125  lb . to end of trial . 
b contained 0 . 35% z inc . 
cContained 0 . 8% zinc . 
dProvided per lb . of diet : vitamin A,  1500 IU ; vitamin D ,  150 IU ; 
vitamin E ,  5 IU ; riboflavin , 1 . 25 mg ; pantothenic acid , 5 mg ; niacin , 8 mg ; 
choline , 25 mg ; vitamin B 1 2 , 5 mcg and aureomycin , 10 milligrams . 
Tab le 2 .  Performance of P igs Fed Centennial Diets for 84 Days 
a 
Number of pigs 
Avg .  initial weigh t , lb . 
Avg . 84-day weigh t , lb . 
Avg .  daily gain , lb . 
Avg . daily feed consumed , lb . 
Feed/gain 
1 9 00 
5 
60 . 0  
1 23 . 3  
0 .  75 
4 . 04 
5 . 37 
Die t  
1 9 30 
5 
60 . 6  
1 7 6 . 2  
1 . 38 
4 . 9 7  
3 . 6 1 
1 9 7 5  
5 
6 1 . 0 
204 . 0  
1 .  70 
6 . 1 6 
3 . 62 
a Five trios of littermate pigs , one pig died in 1 900 group after 
10  weeks . 
